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(57) Abstract: The present disclo- 
suxe generally lelates to chemical, 
biological, and/or biochemical 
reactor chips andAor reaction systems 
soch as micTDreactor systems, as 
well as methods for constructmg 
and using snch systems. In some 
cases, humidity control mflterifllfa 
aie utilized to provide beneficially 
high rales of gas exchange. Hie 
hmm^ty control materials may be 
used, in certain instances, to provide 
at least adequate, and ht certain 
embocfiments superior, gas exchange 
for systems having small volumes. In 
some cases, the cunently disclosed 
nrmterinls include certain polymers, 
e.g^ poly(acetylene)s such as 
poly(all9]acelyIene)s. The polymers 
may be at least pardally halogenated 
(for example, flaorinsaed) hi some 
instances. In certain embodhnents, 

a chip and/or a reaction system may be constrccted so as to ]3omote cell growth within it In some embodiments, the chips n^y 
inclnde one or more reaction dtes. The reaction sites can be very small, for example, with a volume of less than about 1 mL In 
certain embedments, a reaction system is able to detect, measure and/or contiol an environmental &clor such as tbs tempetatme, 
pressure, CX^ cortcentration, concentration, relative humidity, pH, etc., associated with one or more reaction sites, by using 
one or more sensors, actnators, piooessors, and/or control systems. In certain embodiments, the present disclosure discloses 
maTerials and systems having humidity andAn- gas control, for example, for use with a reaction system. Such mntwia^if may 
have oxygen pemeability and/6r low water vapor permeability. In cextain embocfiments, the disclosed devices can employ 
light-interactiz^ componoits suitable for use in reaction systems. These components may include waveguides, optical fibers, light 
sources, photodetectois, optical elements, and the Hke. 
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CONTROL OF REACTOR ENVmONMENTAL CONDITIONS 

Related Applications 

This e^Iicadon claims Ifae benefit of U.S. Provisional Patent Application Serial 
5 No. 60/577,985, filed June 7, 2004, entitled "Control of Reactor Environmental 
Conditions,'* by Rodgers, et al., incorporated herdn by rdference. 
Field of tiie Invenlion 

Hie pres^ invention generally relates to chemical, biological, and/or 
biochemical reactor chips and/or reaction systems such as microreactor systems, and, in 
10 particular, to chemical, biological, and/or biochemical rector chips having hunoidity 
control materials* 
Backeround 

A wide variety of reaction systooas are known fi^r the production of products of 
chemical and/or biochemical reactions. Chemical plants involving catalysis, biocl^mical 

1 5 fermenteis, pharmaceitfical production plants, and a host of other systems are well- 
known. Biochemical proc^sing may involve &e use of a live microorganism (e.g., 
cells) to produce a substance of interest 

Cells are cultured for a variety of reasons. Increasingly, cells are cultured for the 
proteiiis or oftervaliiableniaterialslfaey produce. Many cells require specific 

20 conditioiis, such as a controlled environment The presence ofnutrients, metabolic gases 
such as oxygien and/or carbon dioxide, humidity, as well as other &ctors sudi as 
ten:3)erature, may affect cell growth* Cells requhetinie to grow, during "^ch&vorable 
conditions must be maintained In some cases, such as with particular bacterial cells, a 
successful ceU culture may be perfonned in as Uttle as 24 hours. In other cases, such as 

25 with particular tnaTmnfllian cells, a successful culture may require about 3 0 days or more* 
Typically, cell cultures are perfonned hi media suitable for cell ^ wth and 
containing necessary nutrients. Thecellsaregesxerally cultured in a location, such as an 
incubator, vdiere the environnijQi^ conditions can be con^ Incubators 
traditionally range in size fix>m small incubators (e.g., about 1 cubic foot) for a lew 

30 cultures up to an entire room or rooms \^ere the desired envhomnental conditions can 
be carefully maintained. 
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Rjecratly, as described in LrtematioMl Patent Application No. PCT/USO 1/07679, filed 
March 9, 2001, entitled "Microreactor " by Jury, et al., published as WO 01/68257 on 
September 20, 2001 incorporated herein by reference, cells have also been cultured on a 
very small scale ^e., on the order of afewnuUilitors or lessX so tha^ among other 

5 filings, iimnycdtures can be performed in jwallel. Asisqjpredatedintiiear^ 
providing and maintaining smtable odture conditions for cell viability and growth in 
such small<*scalesystrais can be extremely difficult Typical materials utilized for 
MmcBlion of such small-scale bioreactois often are not ideally suited for establishing 
and maintarning desirable culture conditions because o^ for example, low permeability 

10 to nutrient gases (e*g« O2 arid/or CQ2),Mghpemieabihty to wate^ 

culture medium liquid volume and a concomitant deleterious change in osmolality and 
dissolved substance concentration, eto. 
RiwnTnai y of the Invention 



15 bioch^nical reactor cMps and/or reaction systems such as nucroreactor 53^^ 
humidity control matmals. In some cases, the hnmidity control materials provide 
beneficially high rates ofgas exchange for selected gas^. Tlie humidity control 
materials may be used, in certain instences» to provide at least adequate gas exdi^ 
systems having small volumes. The subject matter oflhisinnraition involves, in some 

20 ca^ interrelated products, altemalive solutions to a particular problem, and/or a 
plurality of different uses of one or more s^tems and/or articles. 

In one set of embodiments, an q>paratus is di^losed&at includes a substrate 
contquising a predetermined reaction ^te, and a material positioned adj acent tte 
predetennmed reaction site. In one embodiment, the inatexial comprises a polym^ 

25 including a structure: 



The present disclosure includes description of chemical, biological, and/or 




whmnisatleastl,andeachofR3aiidR^iiidep^enllycompri^ In certain 

casGS^ simultaneously, is not methyl and is not trimetliylsilyL 
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Ih axujlh^ embodiment, n^at^^ 

3l 




\)vberenisatIeastl,andeacllofR^R^^ In 
certain cases, shnutianeously, is notH, is notH, R^ isxiotH, andR'^ is xysAHbsrK 
S QorhasastrocbTO: 




m 



\«ixere m is an integer between 0 and 3 0ncl^^ 

In yet anolli^ eimbodiiQ^ ^ material con:pi^ 
structoxe: 




V 

10 

¥^bere n is at least 1 » and each of R\ R^ R^ and R"^ independ^y is bydtogen, a 
halogen, a carbcnrcontainxng moiety, in certam instances, at least one ofR\R?,R^ 
or R"^ is a caxbon-containing moiety Hmt conqxcis^ a hatogen, for exan^le, fluorine. 
Tn sdn anoih^ embodiment, the material cooqxiises a poiyxoisr induding a 
IS structure: 




^vfdii^ n is at 1^1, and each of R^aodR^ independent Incertain 
instaiu^es, at least one of R^ or R^ is a carbonr<x>nteinbig moiel^ 
halpgmi, &r exanq)le^ fluorma 
20 In some ca^lhepredeteonhxed reaction site can 

abootlmL In particdar instances,^ substrate msgr be constiud^ 
tTiflttttftin Pit least one Bvfag cell at ihe predgtemrinetl TeacHnn sHb. Lxcertaiu 
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ombodimecds, the matetM podti 
fauxnidxty contrd materiaL 

lQaii0&ersetofen]l>odiments,1^ Ih one set 

of CTibodiments, Ibe me&od 
pioxiinate a material coiiqirisi^ 




i7^iefenisatlea£rtl,andeachofR^andR^mdepeQd^ Incertam 
ca^ simulteneously> is not mdir^l and R^ is not trimelhylsilyl. 

In axK>th^ set of embodiments, the meOiod includes an act of cultuting at least 
10 one living cdliTOximate a material con^^ 




if^iere n is at least I, and eadi of R\ R^i R^ and R'^ indepeni^^ 

In some ca^ sanoultaneottsly, R^ is not R^ is not H» R^ is not H» and R'^ is neither H 

nor has a structure 




m 



m being an integer between 0 and 3 Qndnsively). 

Sx yet another^ of embodTTnents,&eni^&^ 
one living ceU proximate a materM con^^ 




20 vibss:^ n is at lea^ 1 , and each of R^ , R^ R^ and R'^ independently is hydrc^en, a 

halogen, OEr a caibon^containingmoiety* In certain instances, at least one of R^R^R^ 
orR"^ is a caibon-containingmoiety^ conqnises ahalogen, for exarx^le;, fluorine. 
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In still anoliier set of embodimeiits, the method includes an act of cultming at 
least one livmg cdl proximate a material comprising a pdymer including a structure: 



\^^iei»nisatleastl,andeachofR^ andR^mdq>eQde^ IncCTtain 
5 iostances^alleastatieofR^ orR^isacaibonKX)iitaiim]^mDietyfhatco 
halogen, for example, fluotme. 

In some cases, the predetennined reaction site can have a volume of less than 
aboutlmL Is pardcmlaritistaQces, the substrate may be 
maintain at least one living cell at the predetecmined reaction site. In certain 

10 embodiments, the material positioned adj acent the predetemiined reaction site includes a 
humidity control materiaL 

Also disclosed are methods of making a chip and/or a traction system, e*g,, as 
d^aibed in aiQ^ of flie embodiments hereiiL Also disclosed are ni^odsofusing a chip 
and/or a reaction system, e,g., as described in any ofthe embodiments herein Also 

15 disclosed are methods of promoting, febricating, using, and/or selling of a chip and/or a 
reaction system, e.g*, as desaibed in any of flie emlwdiments herdn. 

Other advantages and novel features of the present invention will become 
apparent firom the following detailed d^cription of various non-limiting enLbodiments of 
the inventicmi^iiea considered in conjunction with Incases 

20 where the present specification and a document incQxporated by re&roQce iziclude 

confficting and/or incomistCTt disclosure, the pr^ent specifications^^ If two 

(or more) plications incorpoiated by reference include conflicting and/or inconsistent 
disclosure wifli respect to each other, then the later-filed qjpKcation shall control. 
Brief D^cription of the Drawings 

25 Non-linuting embodiments of the present invention will be described by way of 

exarnple with reference to the accompanying figures, vMch are schematic and are not 
intended to be drawn to scale. In the figures, each identical (^nearly identical 
component iUuslxated is QTpically represented by a smgle Forthepmposesof 
clarity, not every component is labeled in ev^ figure, nor is every component of each 
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embodixoent of the inventioii showa i^ere illustration is not necessary to allow those of 
onfinaryddflintheaittoimdeistandthei^^ In the figures: 

Fig. 1 is a schsmatic iUustradon of a portion of a nncrofhudic chip compdsing a 
plmHity of reaction sites according to one embodiment of the invention; 
5 Fig. 2 illustrates an example of a microfiuidic chip for use with the invention 

including mixing, heating/disp^on, reaction, and separation units, in e^tpanded view; 

Fig^ 3A-3C iUustrate various stacJcable arrangements of chips of the invootion; 

Figs 4 A and 4B illustrate a chip device having multiple layers and comprising a 
plurality of reaction si^ according to one embodiment of the invention; 
10 F^. 5 is ablock diagram of an example of a control system of the invendoi^ 

Fi^ 6 A and 6B are cross sectional views of certain embodiments of the present 
invention; 

Figs. lA-TD illustrates certain naembranes of ^ invention in fluid 
communication with various reaction sites. 

15 Figs. 8A and 8B (expanded[) illustrate portions of various chips according to one 

embodiment of the invention; 

Fig?* 9A and 9B illustrate expanded views of portions of various cMps according 
to anoth^ embodiment of the invention; and 

Fig. 10 iUustrates an esqmded view ofa portion ofadup according to yet 

20 another embodiment of the invention. 
Detailed Description 

The present disclosure generally relates to diemical^ biological, and/or 
biochemical reactor ciAps and/or reaction systems such as rmcxoreacboT systems, as well 
as nieOiods for constructing and u^i^sucb systems la some cases, humidity control 

25 xnaterials are utilized to provide beneficiaUyH^ rates of gas exchat^ Thebumidi^ 
control materials may be used, in certain instances, to provide at least ad^uate, and in 
certain embodiments sup^or, gas exchange for systeni^ Insome 
cases, the currentiy disclosed materials include certain polymers, e.g., poly(acetyleae)s 
suchaspoIy(aIIcylacetylene)s. The polymers niay be at least partially halogeoated (for 

30 example, £luorinate(Q in some instance. In certain onbodiments, a chip and/or a 
reaction system may be constructed so as to promote ceU growth wilhm Ini^mie 
embodiments, the chips inaymclude one or more reaction sites. The reaction sites can 
be v^ small, for esfflmxple,^wrthavolume of less than a^^ Incertain 
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embodiments, a reaction system is able to detect; measure and/or control an 
environmental factor snch as the t emp er a t u re^ pressure, CO2 concenttation, O2 
concentration, relative humidity, pH, etc., associated with one or more reaction sites, by 
iising one or more sensors, actuators, processors, and/or controls^ certain 
5 embodiments, &e present disclosure discloses matmals and systems having humidity 
and/or gas control, £>r example, for use with a rraction system. Such materials may have 
Mgh oxygen permeability and/or low water vsqwrpermeahil^ In cralain embodiments, 
the disclosed devices can employ li^-interacting components suitable for use in 
reaction systatns. Tliese conq)onents mzQ^ include waveguides, optical fibers^ 

10 sources, photodetectors, optical elemaits, and the like. 

Each of the following commonlyKmoed applications directed to related subject 
matter and/or disclodng methods and/or devices and/or mat^'fllyg useful or potentially 
useful for the practice of the present invention is incorporated herein by reference: U.S. 
Patent Application Serial No. 09/707,852, ffled November 7, 2000, entifled 

15 "Microreactar,'* by Jury, etaL; Intemational Patent Application No. PCT/USOl/07679, 
ffled March 9, 2001, entifled *^croreactor," by Jury, et al., published as WO 01/68257 
on September 20, 2001; Patent Application Serial No. 10/1 19,917, ffled April 10, 
2002, entifled **Microfermentor Device and Cell Based Saremmg Method," by Zarur, e4 
aL, published as 2003/0077817 on April 24, 2003; US, Patent Application Serial No. 

20 10/457,049, ffled June 5, 2003, entifled •^Materials and Reactor Systems having 

Humidity and Gas Control,*' by Rodgas, et al . published as 2004/0058437 on March 25, 
2004; U.S. Patent AppUcation Serial No. 10/457,015, ffled Jnne 5, 2003, entifled 
"Reactor Systems Havmg a Light-Interacting Component," by JVDDOier, etaL, published as 
2004/0058407 on March 25, 2004; U.S. Patent Application Serial No. 10/664,046, ffled 

25 September 16, 2003, entifled T>etemMnation and/or Control of Reactor fiivironmental 
Conditions,** by Mffler, et al., published as 2004/0132166 on July 8, 2004; U.S. Patect 
Application Serial No, 10/664,068, ffled SeptOTiber 16, 2003, entifled **Systems and 
Mbthods for Control of pH and Othi^ Reactor Environmental Conditions,** by Miller, et 
dL, pubHshed as 2005/0026134 on February 3, 2005; U.S. Patent Application Serial No. 

30 10/664,067, fflbd Septemb^ 1 6, 2003, entitled "MScroTMCtor Architecture and 

Mefliods," by Rodgors, et oL, published as 2005/0032204 on February 10, 2005; U.S. 
Patent Application Serial No, 60/577,985, ffled Jnne 7, 2004, entifled "Contiol of 
Reactor Environmental Conditions,'* by Rodgers, et aL ; U.S. Patent Application Serial 
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No. 10/863,585, filed June 7, 2004, entitled "System and Method for Process 
Automation,'' by Rodgers, et a/., published as 2005/0037485 on February 17, 2005; U.S. 
Palent Appficatioix Serial No. 10/863,584, jSled June 7, 2004, entitled "Apparatus and 
Mefliod for Manipulating Substrates," by Zarur, et oL^ published as 2005/0019904 on 
5 January 27, 2005;U.S, Patent AOTUcation Serial No. 10/863,636, filed June 7, 2004, 
Mtifled *Tteactor withMeniory CotDgxment,'' by Zarar, etoL, published as 
2005/0026273 on February 3, 2005; U.S. Patent Application Sraial No. 60/577,977, filed 
June 7, 2004, entifled "Gas Control in a Reactor,'* by Rodgers, etoL; U.S. Patent 
Application Serial No. 60/577,986, filed June 7, 2004, entttied **Reactor Mixing" by 

10 Johnson, era/.; U.S. Patent Application Serial No. 10/927,789. filed August 27, 2004, 
entitled "Rotatable Reactor Systems and Methods," by Zarur, ef a/.; and U.S, Patent 
AppHcation Serial No, 60/609,721, filed September 14, 2004, entifled "Inlet Channel 
Volume in aReactor,'' by Miller, et al 

In cortain embodimenls, tiie present disdosure is directed to a device, such as a 

15 chip, able to control gases or humidity therem. In some embodiments, the disclosed 
devices may allow humidity control to be passive and built into a chip or other device 
tiiat may i^ed to, for exanq)le, conduct chemical or bioctemical reactions, and/or 
culture cells. M one embodiment, hunwdity control or n^botenanceniay be 
the device in the form of a humidity controller and/or a film, optionally wifli low water 

20 permeability relative to tiieo30^en permeability. As used herein, a "humidity 

controller** is a device that allows certain gas^, such as oxygen, carbon dioxide, and/or 
nitrpgento enter tiie chip (or other device), butinhildts thepas^e of water vq)or into 
the chip (or other device), ll^humiditycontrollermay allow passage of small amounts 
of wata: v^r into the chip (or other device), but does not allow as much water v^r to 

25 enter file chip as at least one otfa^ga%e.g. one or more of those listed abov^^ Examples 
include, but are not limited membranes and thin fiTtng g,^ fjltpf? Trffving a thicknjess 
ofl^than2mm). In sonie embodiments, tiie humidity controflernmy be positioned as, 
or in, a wall of a chip or other device, such as within a wall of a rector unit or reaction 
site. In other embodiments, the humidity controUernmy be positioned su^ 

30 fluid cornmunication with oiiB or mote ruction sites. In sonoie embodiments, each of the 
rKicfiott sites in the chip may be acQ acent to, and/or in fluid communication with a 
humidity ccmtroUer. 



WO2Cm5/120698 



PCT/US2005/019914 



-9- 



Humidity controllers disclosed herein can include a humidify control material 
deigned to maxlTnize gas and/or minimize water vapor passage therethrough. Hie 
humidity control material may allow the passage of certain desned gases, sadh as oxy^ 
and/or carbon dioxide^ vML^ inhibiting the passage of other gases, for exaniple, water 
v^por. The pres^y disclosed humidity control niatCTalsnmy be su^ 
humidity controller in a chq), reaction system, or other device, but are not limited to such 
uses; latb^, the materials may be used anywhere whero water vsqpor or other spedfied 
gases are to be kept in or out, ^^e allowing the passage of oxygen and/or other ga^s. 
For exaosple, the disclosed humidity control materials may be useful in greenhoiises or 
wound dre^ings. 

Li one set of ranbodiments, ttie humidhy control material includes apolymer. 
The polymer may include, for instance, a poly(acetylene) and/or a poly(alkylacetylene) 
such as poly(2-alkylacetylene). Examples of po]y(2*-a]kylac€tyIene)s include, but are not 
limited to, poly (2-hexyne), poly (2-heptyne), poly (2-octyne), poly(2-noirj?ne), poly(2- 
decgne), poly(2-undecyne), etc. In one embodiment, the poly(acetylene) comprise 
a structure: 



^erenisatleastl. Each of R" and R^niaymdepeodartly comprise any atom and/or 
fimctional groiq), for example, hydrogen, a halogen or a pseudohalogen, an alkyl, an aryl, 
an alkylaiyl, an arylalkyl, a cyclic gmiq), a hydroxide, an alcohol, a thiol, a carboxylic 
acid»asilyl,etc« Some oftfaese are further d^cribed below. For example, and/or 
may each indep^idently be hydrogen or a straight^rhain alkyi, such as propyl, pentyl, 
hexyl^ heplyl, octyl» nonyl, decyl, undecyl, etc. In c^tain cas^, the poly(acetylcne) is 
one ofeer than poly(l-trimefhylsilyl-l-propyne), Le,, aanuttaneously, R^ is not notelhyl 
andR^isnottrhnethylsilsl In certain instances, R^ and R^ are not both H, 
In another embodiment, the polymer may include a structure: 



intoenis at least L EachofR\R\R\aidR^inaybeanyatommd/orfiinctioiml 
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gK>^3e.g., as described above. Inoneparticmlarcase^simultaneoiisty^ 
not H, is not H and is neiflia' H nor has a structure: 




viere mis an integer between 0 and 3, inclusive. 

In some embodiments, the polymer is halogenated ^.e^ comprise at least one 
halogen atom), for example, fluorine. Non-limiting exsmples inchade a fluoiinated 
poly(acetylene), a fluarinatedpoly(alkylacetylene), a cUorinatedpolyCacelyleneX a 
chlorinated poly(alkyIacetylaieX a fluoiinated and chlorinated poly(acetyleneX a 
fluorinated and chlorinated poly(alkyIacetylene), etc. Halogenated polymers may be 
useful, for example, to reduce water vqjor paaneability of die humidity control material, 
for instance, due to die increased hydrophobidty of the fluorinated polymer. Exanq)les 
of poly(2-alkylacetylene)s that may include one or more halogen atoms include, but are 
not limited to, poly(2-hexyne), poIy(2.heptyne), poly(2-octyne), poly(2-nQnyne), poly(2- 
decyne),poIy(2-undecyne),etc. In one ecobodiiDent, ibs polymer conqsises a structure: 




Ddiere n is at least 1, and at least one of R^ or R* comprises a halogen (aloni^ or 
in assodatioa wifh other atoms, for example, a carbon-contaimng moiety), e.g^ fhiorine, 
chlorine, bromine, etc. Each of R^ R^ R^ and R''may independently comprise any atom 
and/or fimctional group, for example Iqrdrogai, a halogen or a pseudohalogen, an allsyl, 
an aryl, an alkylaiyl, an arylalkyl, a cyclic groiqp, a hydroxide, an alcohol, a thiol, a 
carboxylic add, a silyl, eto. In some cases, one or mcBce of R', R^ R^ or R^^may be 
s atu r a t ed in halogens, e.g., fluorine atoms. 

As one exanqile, one of R*, R^ R^ and R*may have a structure: 




m is an integer greater than or equal to 0, and one or more caibon abmis in ^ 
structure has one or more halogen atom banded to it, Le., ifm is 0, then this structure 
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would be: 



and at least one of A^, A^ A^ A^ A^ A*, or A^ is a halogen atom, e.g., fluorine, 
chlorine, bromine, etc. 

In another embodiment, the polymer has a stroctore: 




where n is at least L and each of andR^indepemiently comprises an atom such fttat at 
least one ofR^ or R"^ is a halogen or a caibon-contaimixg moiety that comprises aMogen 
atom (alone, or in association with other atoms, for example, a carbon-containing 
moiely), ag., fluorine, chlorine, bromine, etc. R* and R^ may independently comprise 
any atom and/or fiioctional group, for esmnple, hydrogen, a halogen or a pseudobalogen, 
an alkyl, an aryl, an alkylaryl, an arylalkyl, a cyclic groip, a hydroxide, an alcohol, a 
thiol, a cartoxylic add, a silyl, ete. In some cas^ one or more of R^, R^ R\ or R'^may 
be saturated in halogens, ag., fhioiine atoms. 

Inoneembodinimt,atIeastoneofR^orR^CQiiqdsesasiKconatom^ For 
instance, the polymer may have a structure : 




where at least one of R^ R^ R^ or R^ comprises a halogen, e.g., fluorine, chlorine, 
hrominB,eto. For instance R^R^R^ or R'^niaybe halogen such as fluorine, be a 
(aibonrcontaining moiety that conrpris^ halogen such as ahalogenated alkyl, etc 

Monomers usrful for forming some of the above-d^cribed polymers are 
commerdally available, for exan5>le, fiom GFS Chanicals, Inc. (Powdl, OH), or 
I^caster Synthesis, Lie. (Windham, Nil). Suitable techniques for polymerizii^ the 
monomers are known to those of ordinary skill intilie art, or involve no more than routine 
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modificatioxis of known tedmiques, and are described, for exanq^le, inPzimauL, etcd. 
^TMhimcc of Side-Chain Lragth on the Gas Penneation Properties of PoIy(2- 
alkylacetylenes), Macromoleades, 37(8): 2823-2828, 2004. For exanaple, M0CI5 and/or 
Ph4Sn may wed to catalyze certain polyznerization reactions useful for prodndng tiie 
5 above-disclosed polymers. 

The term "halogen," or eqirivalently , lialogen atom," as used herein, is given its 
onilinary meaning as used in die fidd of chemistry. The halogens are fluorine, dilorine, 
bromine, iodine, and astatine, and may have any charge state and/or electronic 
ccmfiguratioit In some embodimetxts, the polymers iirclude one or more hdloge^ato 

10 comprising fhiorine, cUoriiie, broinine, or iodine. In certain (^s^, the polym^ include 
fluorine, chloiine, aitd bromine; fluorine and chlorine; chlorine and bromine, or a single 
t3rpe of halogen atom. 

As used herdn, **alkyi" is given its ordinary meaning as used in die field of 
organic chemistry. AlkyI (Le., aliphadc) moieti^ useful for pracdcmg the invention can 

15 containanyofawidenumb^of(^xbon atoms, for example, between and 1 and25 

carbon atoms, between 1 and 20 caibon atoms, tetween 1 and IS carbon atoms^ between 
landlOcartonatoms, or between 1 and 5 carbon atoms* In some cases, the alkyl 
moiely will contain at least I carbon atono, at least 3 c^bon atoms, at least 5 carbon 
atoms, or at least 10 carbon atoms; in other cases, the aUkyl moietf will have at most 10 

20 carbon atoms, at most S carbon atoms, or at most 3 carbon atoms. 

The carbon atoms within die alkyl moiety may be arranged in any configuration 
withm the alkyl moiety, for exan5)le, as a straight cham (ie., a «-alkyl such as meflQrl, 
ethyl, propyl, butyl, pentyl, hexyl, heptyl, oclyl, nonyl, decyl, undecyi, etc.) or a 
branched diain, ie., a chain where is at least oiie oixb^ 

25 bonded to at least three carbon atonos (e.g., a ^butyl moiety, an isoalkyl moiety such as 
an ispprop^d moiety or an isobutyl moiety, eto.). The alkyl moiety may contain only 
single bonds, or m^ contain one or more double and/or txiple bonds within its structure, 
forexacnple,asmanalkene,anaIkyne,ana]kadiene,ana]Ic^lr^ In 
some cases, the alkyl moiety contains only carbon and hydrogm atonas; however, in 

30 oth^cas^ the alkyl moiety may also contam one or more substituents,L^^^ 

carbon and non-hydrogen moiety may be presCTt withm the alkyl moiety. Forescanrple, 
in certain cases, die alkyl moiety can include a halogen, an alko^gr moiety (e.g., ms&iaxy 
or etho^cy), an amine moiety (e.g., a primary, secondary, or terdary amine), a catbonyl 
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(e.g., an aldehyde and/or a ketone) or a hydroxide Ifmoretfaan 
substitaent is present within Ihe alkyl moiety, then the substitoents may each be the same 
ordifferenL 

Shnilarly, a "cyclic'' moiety, as used herein, is given its ordinary definition as 

5 used mfhe field of organic cbanistry, i.e., a moiety fhat contams at least one nng of 
atoms, and rnay contain mote tban one ring of atoms. That is, a cyclic moiety has at least 
one chain ofatoms that does not have a terminal eiid. Hie diain may have, for example, 
three, four, five, six, seven, nine, or ten or more atoms arranged m In some 
cases, tbe cyclic moiety has a maximum size of at most ten atoms, at most eight atoms, 

10 or at most seven atoms* hi some cases, the cryrclic moiety may only include carbon and 
hydrogm atoms; however, in o£her cas^ the atoms may also include, besides cai^bon 
atoms, nitrogen atoms, oxygen atoms, sulfur atoms, silicon atoms, or any other atom able 
to covalmdy bond to at least two different atoms (i.e,, a 'lieteroc^clic'' moiety). If the 
cyclic moiety contains more than one ring, the rings may be arranged in any orientation 

IS withr^pectto each other, e.g., the rings may be fiised ^*e^ at least two rings have more 
than one atom in commoii, for exanq)le, as in bicycKc moieties, tricyclic moieties, etc.), 
spiro (i.e., two rings have only one atom in common), a ring may be a sobstituent on 
ano&er ring, two or more rings may be connected throi^ an alkyl moiety, etc. 

The cyclic moiety may be a saturated cyclic moiety 0.e^ a moiety not containing 

20 any double or triple bonds, such as a cyclopentyl moiety, a cyclohexyl moiety, a 
cycloheptyl moiety, a cyclooctyl moiety, etc.) or an un^turated cyclic moiety (l.e., a 
moiety containing at least one double or triple bond, such as a cycloalkenyl moiety, a 
cycloalkynyl moiety, an aromatic moiety, etc.). An "aromatic" moiety is given its 
oniinary meaning as used in tiie art, Le., a moiety haviiig at least one ring in ^ 

25 electrons are delocalized in the ring. For instance, the aromatic moiety may include a 
b^izene moiety, a naphthalenyl moiety, an anthracet^l moiety, a pyridinyl moiety, a 
furanyl moiety, etc. Similariy, a "non-aromatic** s tr u ct u re is a structore in vAAch 
aromatidty of tihe cydic moiety is not present For example, a non-aromatic cyclic 
sir u cl ur e may be a saturated cyclic structure, a cycloalkenyl moiety sudi as a 

30 cyclopeutenyl moiety or a cydohexenyl moiety, a cycloalkynyl moiety such as a 
cyclooctynyl moiety or a cyclodecynyl moiety, etc. 

The cyclic moiety m^ include one or more substituents in colaincas^ £)r 
example, attached to a ring mthin the cyclic moiety. The substituents may be any 
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substitueiit, for example, as pievioxisly described in comection wMi alkyl moieties, fox 
instance^ ahalogen such as fluorine, an alkoxy, an amine, a caibonyl, a hydroxide, or die 
like. In certain cas^, a substituent on die cycUc moiety may bean alkyl mo 
previously described (vAich it^lf may include one or more substituents, including other 
cyclic moieties). 

In scHne cases, the humidity control material may include monomers or polymers 
in addition to those d^cribed above, for example, as in a co-polymer, a polymer blend, a 
multi-layered structure comprisu^ ih& above-m^oned polymers in at least one layer, 
etc. Non-limiting example ofpolymers that nmy be used wiih^ 
materia l, in addition to the polymers de^^ibed above, include polyfiuoroor^^c 
materials such as polytetrafluoroetiiylenes (e.g., such as ttose marketed xmder the name 
TEFLON® by DuPont of TWhrnngton, DE, for example, TEFLON® AF) or certain 
amorphous fluoropolymers; polj^tyraies; polypropjdenes (T*P^; silicones such as 
polydimethylsiloxane^ polysulfimes; polycarbonates; acrylics such as polymetiiyl 
acrylate and polymetiiyl me&acrylate; polyethyleaies such as high-density polyetfaylenes 
CHDPE"), lo wKiensity polyethylenes CTJ)PE"), linear low-density polyethylmes 
C*LLDPE*0, ultra low-density polyetylenes (**ULDPE") etc; PET; polyvmylchloride 
CTVCT) materials; nylons; a thermoplastic elastomer; poly(l-trimethlsiIyl-l-propyne) 
C*PTMSF'); and the like. Another example is poly(4-metiiy]^)eatene-l) or poly(4- 
mefliyl-l-pentaie) orpoly(4-methyl-2-pentyne) CTMP^: 




Examples of PMPs include those mariceted under Ihe name TPXT^ by I^tsui Plastics 
(White Plains, NY). As stiUanotiier exanq^le, humidity control nciaterial may m^^ 
poly(4-me£hyIhexene-l), poly(4-me%lheptrae-l), poly(4-mefliyloctBne-l), etc. In 
some <^ses, these materials zn^ be copolymerized and/or in a p^ 
association with the polymers as described above. 

In some cases, the polymer (or mixture of polym^) used in the humidity control 
material may be sufScientiy hydrophobic such that the polymer is aMe to retain water, 
Le«,wat^v^r is not able to readily traiisport through the pol^ For instance, the 
permeability of water throu^ a hydrophobic polymer may be less than about 1 00 0 (g 
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micrometer/m^ day), 900 (g mcrometei/m^ day)^ 800 (g itricrometet/tn^ day), 600 (g 
micrometBr/m^ day) or less. The actual penneability of water through the polymra* may 
alsobeafimctionoflheTelalh^ehimiidity. In certain embodiinfiats, the 
m the humidity control mfiterial may have a molecular structute open enough to readily 
allow the transport of o^qrg^ therethrougih. 

hi anoth^ set of mbodimen^ the humidify control m^ m al may include a 
polymer that has bulky groijps that prevent the polymer from readily forming a structure 
under ambi^ conditions that limits the transport of oxygen thei^^ A^^buDcy 
groqp'* on apolymer, as used hetem, is amoiety suffid«itly large that the potyinerfoiins 
a crystalline structure under ambient conditions that allows the transport of oxygen 
th^ftrough to greater than about 250 (cm^sTprnm/m^otm day). In some cases, the 
transport of ojrjrgenmay be greater flian about 500 (on^yip maiftr? atm day), grater tton 
about 1000 (can^sTP mm/m^ atm d^), or greater than about 2000 (cm^srp mm/m^ atm 
d^). The bulky gro^mfiy be, fox mstance, part of the bad^ 
part of aside chaia Non-^limilmg examples of bulky side groins include groups 
contaumig cyclopentyl moieties, isopropyl moires, cyclohexyl moieties, phenyl 
moieties, isobtilyl moieti^ terT-bulyl moieties, cy clohqrtyl moieties, trimethylsilyl or 
other trialkylsilyl moieties, etc. In some cases, the moiety m^ be halogenated,&g. 
fluormated^cMormated, etc*, as previously described In one s©t of embodiments, the 
polymer may have a structure: 

at or Qc 
^»toe each Rindep^identlyconqms^ at least 0X16 a^ lu 
scHnecas^eachRnmyindqpendaitlybeahydrogeEi,ahalogCT,oranalk^ In 
some cases, Bk is halogenated. ForexainpIe,BkmaycoiiqxciseoneormoieflTKmne 
atoins, chlorine atonis, hroinines atoins, iodiiie atoms, etc. Ifmore than one halogen 
atom is present, the hdogen atoms may be the same or different 

Of course, it should be understood that the polymer may have several or all of the 
features described herein. For exanq)le, the polymer may be a polymer blend or a 
copolymer that has sufiSciexrt hydrophobidty such that the polymer is able to retain 
water, yet have a molecular structure open enough to allow sufQdent oxygsa 
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perm^bHily fheretim)tig^ Incases where tlie humidity cQntrolmatsdal includes 
multiple layers, some or all of Ifae layers may also each include a mixture of materials in 
some embodttnents. Forejample^onelayermayincludeatlrast 5()%by weightof one 
mateial wifli the balance connprisins one or more other materials. In another 

S embodiment^ ^ch layer consists essentially of a single m ateriaL 

in one set of embodiments, lSie humidity control material may include and/or be 
&hricated in the fomi of a metnbrane or a Ifain fUm sdected to 
gases and/or water vapor therethrough. Li one embodiment, the humidity controller is a 
menibianeor athinfUmhaviogadesiredpeimeabiUty too^ The 

1 0 membrane or Ifain film may be |K>srtioned any^diere in the ch^ where it is able to affect 
one or more reaction sites in some &shion. For emitple, the membrane or tiiin film may 
be positioned such that it defines the sur&ce of one or more reaction sites. 

In one set of embodiments, the membrane or thin fihn has a thickness of greater 
than about 1 0 micrometers, in some cases grater than about 25 Enicxomet^ in some 

15 <^ises gr^t^ than about SO nm^meters, in some cases greater than about 75 

micrometers, in some cases greater than about 100 micrometers, in some cases greater 
than about 150 micromet^ in some cases greater tiian about 200 micrometers, or in 
some cas^ greater than about 250 micrometers, while still allowing sufBcient oxygen 
transport therethrough, for instance, to emble cell culture of apluralhy of aerobically 

20 respiring cells to occur, as fiirQier described herein. In some cases, a membrane or a thin 
film having a thickness of greater than about 50 micrometers may be particularly useful, 
for GsaxxsplQj during m anufticturing of a chip or other reaction system. Uncertain 
embodimeaits, &e memfarane may have a thickness of less than about 2 mm, less than 
about 1 mm, less than about 750 micromet^ less than about 500 micrometers, le^ than 

25 about 250 micrometers, or less than about 1 00 mioxnneters. 

In some cases, it may be desired to incGqxxrate the lumudi^ 
a structural components of the chip, reaction system, or oth^ device, or to incQriK)rate 
strudxtral components of the chip, reaction system, or other device into the humidity 
control material. The humidity control material m^ also include a support lay^^ 

30 example, ^ere the humidity control material is intended to provide or supplemeni 
siq?)orl, or win not itself be oth^wise adequately sup^^ A support lay^ may 
comprise as^materid or materials that provide deshedsiQ)!^^ Forexanq[)Ie,the 
support lay^ may include one of the layers tiiat may otherwise be included in the 
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humidity control material for penneahilily» or the support layer may comprise a different 
matoial, such as ^ass (for example, PYREX® glass by Coming Glass of Coming, NY^ 
or inditmi/tinKX)atied glass), lates; siHcon, or Thesiq)portl^ermaybe 
positioned myv^hsxevnMalke homidity control material, for example, as an outer layer 

5 or anintemiediate layer, and may be positioned to help protect one or more delict 
Iffjrers* InsomeCTibodiments,tfaeuseofasiq^yportl^erm^ 
nearly all of a reaction site, reactor, or chip to be constructed of the humidity control 
materiaL Preferably, flie siyport l^r does not significantly impact the permeability of 
the hmnidity control material, or the change in pemieabilrty mscy be accounted for in the 

10 design offlie humidity control materiaL 

Where the chip^ reaction system, or other device of tiiie present invention is 
intended foruse materials, such as reactants, that may damage, reduce the function, 
or oflierwise react wth or cause the humidity conto 

membrane nmy include a protection layer. Hxe protection layer may be positioned, for 

15 example, as a surfece layer, or int^posed betweoi a sensitrve portion of the humidity 
contn^lniaterialand^eniaterialorezrvironmatxtthatnugradve^ For 
exaniple, the protection l^er may be positioned on an innCT sur&ce of the humidity 
control matsial, jocularly ^ere the harmful material is within tiie chip, or on liie 
outer suri^ of the humidity control material, particularly whexeftehannfulinaterial is 

20 outside the ch^. The pnytectionl^ernaay also be posMoned between otiierkye^ 
long as it is able to perform is protective fimction. Prefearably, the protection laya: does 
not signifiu^aiitly impact the perm^ility of the hunu Insome 
embodiments, easy change mpemieability may be accounted for in the design of ^ 
hunudity control material. 

25 AsanQnrliinitingeKample,adiq> 140 including a hurnidityconlroll^ according 

to one embodiment ofthepr^^ invention is illustrated in Fig. ^ This chip indudes a 
reactionidte 142, an inlet 144, an outlet 146, and an inner wall 148. Irmerwall 148is 
definedononesidebyahumidily controller ISO. Hnmidi^ controller ISO, in this 
embodinient, includes a membrane having a &stkyerlS2 and a sec^ 154. 

30 Another embodimmt of a chq) 140 inchiding a humidxiy controller is illustrated 

inFig.6B« In this embodunent, the hunudity controU^ 150 includes a mt^^^ 
membrane ^defines a wall ofa reaction site 142, and also defines a vrall of an inlet 
and of an outlet In addition to first and second layers 152 and 154, v^ch are provided 
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primarily for purpose of providing a desired penneability, this memhrane also includes 
a support kyer 156 positioned between first ami se^ Other 
arrangements for the petmeability-<mtrolIing layer(s) and st5>port lay6r(s) are possible. 
Also provided in chip 1 40 in this particular example is a cell adhesion layer 158 
5 positioned on inna: wall 148 ofreactian ate 142, encouraging ceU growth there and not 
in inlet 144 and outlet 146. In otiier embodinients, die cell adh^on layer could extend 
over more, or all, of the sur&ce of humidity controller 150. It riiould also be qjpredated 
Ifaat the geometry of chip 1 40 as illustiated in Figs. 6A and 6B is shown by way of 
illustration only and Ibat ntiany other arrangements and chip geometry may be use&l in 

10 particular embodim^its. 

In one set of embodiments^ the humidity control Tnafffngf is selected to have a 
certain permeability aiid/or a certain permeaiice. Asusedherein,the**permeability**of a 
material is given its ordinary meariiiig as used in die art, Le., an in^ 
geueraUy describes the ability ofa gas to pass Ibrough^ In contrast, as used 

15 herein, die ^^permeance" of a material is the actual rate of gas transport through a ^mple 
of a naiat^ial,Le., an extrinsic property. The permeance of a sample of material is 
affected by fiictois such as the area or thickness of the material^ thepr^Kure differCTlial 
across the mntemil, eto. 

It shoidd be qipreciated that, ^hile control of oxygen is used as an exanq>le 

20 herein, other gases such as tiitrogen or carbon dioxide may be controlled instead, at 
permeabiMesasnotedabove, or a combination of gases niay be controlled* Itshould 
also be qrpreciated that vMe, in the ^can^le of cells further described below, the lower 
linul of oxygen transfer and the upper limit of water vi^ 
desired to be controlled, in other q>plicatiQDs, for example, in a chemical synthesis 

25 operation, it m^ be d^ired to contn)l other parameters, for exanq)le, the upper limit of 
o^gm transfer and lower limit of watw vq>or transfer, or the lower and iqiper limits of 
other gas^ such as nitrogen or carbon dioxide. 

The pr^enfly disclosed humidity control iiiaterials ni^ 
of reactions and interactions* One exanrple of a reaction is cell culture, &(r example to 

30 maintain a cell culture, to increase the number of available cells or celltyp^, and/or to 
produce a desirable cellular product hi some cases, the hnuxudity control inateiialniay 
allow sufficient ojQrgen to wter by difiiision theredmiiigh to siqyport cell growdi, e.g*> of 
aerobicaify respiring cells. In certain cases, the humidity control mat^ialm^ also be 
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largely impenneable to micaxxiigaidsms and oibsr cells, for example to picverrt 
cootaminadoiu Fre&rflbly>11ie material has low toxichy 

In embodiments where chips, reaction systems, or other device disclosed herem 
are used in connection with coltoring cells, ceU culture niay take place over vaiyii^ 

5 lengths of tkne, depending on fte cells being cultured and other &ctois known to tlK>se 
of ordinary skill in the art Thus, Ihe design ofthechq> and the nature of Ihe humidity 
conlrol material may be adapted to the culture time. For example, the chq) or hnmidify 
control material may be designed to allow it to maintaui its d^ed fimcdonal 
diaracteristics &r the time needed for the culture, and the humidity control material is 

1 0 preferably designed to be able to be reused many times* In various embodiments, cell 
culture may be perfonned over the course of24 hours, 48 hours, 1 week, 2 weeks, 4 
weeks, 6 weeks, 3 mondis, 1 year, coirtuiuously, or any other time required for a specific 
cell culture. 

hi some cas^, the humidity control material is elected to have aperm^hility 

15 and/or a i^rmeance to one or more gases that a>n:esponds to a range acceptable for 
culturing certain cells, for ejoin^le, aCTobic cells. For example, the humidity conlrol 
material may have a permeability and/or permeance to oxygen high enon^ and/or a 
permeability and/or permeance to water v^r low enou^ to allow ceQ culturing of 
specific cell types. £xan4>lesofsuchpemealnlitiesiiKdndetheaboveKiesc^^ 

20 permeabilities. Ih(»fe of skiUm the art wiU be able to identity spec^ 

permeabilities of certam materials qrprppriate for successfully culturing {articular cells 
and cell lines, as well as larger cdlular groups, such as microbial cells, mammalian cells, 
tissues, tissue eng^eoing constructs, etc. 

Thus, in one embodiment, a method is provided that involve identitying an 

25 oxygen requirement and a humidity requirement of certain cells, selecting a material 
having an oxygen permeability high enough to meet the oxygen requirement of the cells 
and a wat^ vwpor pem^ility low mough to meet the humidity requirement of the 
cells, and culturing the cells in a chip, reaction system, or otiier device conpising a 
ruction she for such an ^nbodiment The reaction site has at least a portion thereof 

30 &rmed of the selected materiaL 

In some embodimeoots, Ihe humidity control material may not promote cell 
adhesion, but may include a cell adhesion layer (or a cell adh^ on layer ceai be provided 
on tiie noaterial) that may be any of a wide variety of hydrpphilic, cytpphilic, and/or 
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biopMlic materials* Exacoples of txiaterials that inay be suitable for a cell adhesion layer 
on ahumidity control material include, but are not iTTnttRfl to, polyfluoroorgamc 
materials, polyester, PDMS, polycarbonate, polys^rene, and aluminum oxide* As 
another exonxpley the humidity control material may include a layer coated witli a 
5 m at e ri allfagt promotes cell adhesion^ for exsasxplo^ using an RGB peptide sequence. Jn 
some emboditnents, it may be desired to modi^ the smface of a cell adhesian layer, for 
exanqjle, by attaclnnent, Hading, soaking, or other ti^^ Exanq)le molecules liiat 
promote cell adii^onindude, but are not limited to, fihronectin, laminin, albumin, or 
coUagetL Where the material indudes a ceU adhesion layer, IbeceU adhesion kye^ 
1 0 be positioned as an ixmer lay^ or a sur&ce layer of the membrane, may abut an interior 
ofthechip,etc. Pr^^:ably, the ceU adhesion kyer does not significanflyinq)^ 
penneability or permeance of the humidity control material . hi some cas^ any diange 
in permeability or j^meance may be accounted for in the design of the humidity control 
materiaL 

15 Some of the m nteri a1 s used to form the humidity control material, and, in some 

cases, some of the layersthoreoi^may be selected based on the gas penneabiliti^ of the 
materials, for example, as previously described. Thoseof ordinary skill in the art are 
aware of methods of determining the gas permeability of a material . As one particular 
method, a sample of a material having a known exposed area and tbickoe^ (e«g., a 

20 membrane) may be placed between two co m partments, and a gas (or a liquid) may be 
placed in one compartment Thee3q)erimentanydeteiminedtimeittak^forfhegas(or 
liquid) to dif&ise across the material to fte oihe^ compartment and detected in a 
suitable fi^on may then be related to the gas (or liquid) penneability of the material by 
standard, weU-knownma&ematical transport relati (See E3£anq)les 4-6 for a 

25 discussion and plication of certain such mathematical transport relations as qqplied to 
the &brication and i^xfixntnaiK^ of certain of flie disclosed device CTibodimraits). 

In some embodim^, the area and thickn^ of the humidity control matmal, or 
a ky^ or portion thereof may nsed to sdect a desired degree of permeance ai^ 
penneability. As one example, a more watea'vqKnr-permeable material niay be made 

30 tMcker, or its area inay be reduced, in order to reduce tihe amount of water v^ 
reaches and/or leaves^ area or region v^ierehumidi^ lusome 
cases, tiie material may be designed such ftat it is l^twe^ 10 micrometers and 2 
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mm thidc "Witlim this lange, the relative Huckness of layers wittiin multiple layezs or 
pardons of the mat^ial miay vary. 

la one embodiment, a permeabilily goal may be achieved by comhiiUBg two 
layers or portions of mtaterial. This can be adneved, for escample, by including a fi^ 
more penneable l^er^ and a second, less penneable layeq multiple layers may also be 
used in other embodiments. By combiidng different matedals and ai^usfing their 
lliidaiess, a dedred oxygen and water vapor pemieabiU^m In one 

embodiment where the humidity control material comprises two I^ers or portions, they 
may be formed out ofthe same or different materials p^^ For example, Ihe 
humidity control material m^ include a first layer including at least about 55% by 
wdght of a first polymer or co-polymer and a second layer conqorising no more than 
about 45% by weight ofthe first polymCT or co-polym^. As another exanrple, the 
humidity control material may include a first layer including at least about 60%, about 
70%, or about 80% by weight of a first polymer or co-polymer and a second layer 
contprising no more than about 40%, about 30%, or about 20% by weight of the first 
polymer or copolymer. In some embodiments, the first polymer may comprise about 
100% ofihe first layer and essentially none ofthe second layer, hi some cases, at least a 
portion of tiie first layer may be co-polymerized witii the second layer. 

Where the humidity control matmal is constructed as amembrane including two 
or more layers, the two or more layers ma^ be j oined in any manno* that provides 
suftidentstrengtii to the membranes. In some cases, the two or more layers may be 
suffidentiy self-siii>portiQg and it may not be necessary to join the layers, meaning a 
space could be left therebetween if desired. In other embodiments, additional layers may 
be used to support tiie membrane. In embodiments where it is desired to jom the two or 
more layers to provide mutual support or oth^wise, examples of acceptable means of 
joining the layers mclude laminating Ihe layers togetl^, at least partially intermixing the 
l^ers, and co-iK)lymerizing the layers together. Where the layers axe to be intermixed, 
the resin tiiat will form each layer may partially or totally intermixed before the 
membrane is foimed For exanq)le,liqddpre*polymers may be mixed and 1hen a curing 
agent added, or two i^rtiaUy cured layers can be connected with a cu^^ 
them, curing the layers toge&er. 

In some embodiments, the presentiy disclosed humidity control tnfltftWfl ls allow 
light to pass through IheoL This may alfowtibe materials to be used where li^ is 
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important, for example, to &cililate a reaction such as a photocatalyzed reaction, to 
promote ceQ or plant growth, to cause a biodiemicalch^^ Hie 
materials may also allow obsen^on of a region, such as a reaction site, that is protected 
by a humidity control material^ or is located behind a hmnidity-controlled regioiL Inane 
5 embodiment, tlie homidi^ contiol matmal is translucent, and, in some cases, it is at least 
substantially tcansparooL Ctoe of skiU in the art wiU recognize Ifaatth^ are varying 
degrees of translucence and transparence, and will be able to select desked properties 
based tqpon a particular ^licatioa 

A variety of definitions will now be provided which will aid in understanding of 

10 the invention. Following, and iiiteorspersedwitblb^ definitions, is fu^ 

including des(a:q>tions of figures. Components shown in the figures Ibat follow can 
generally be used in conjmicticm with l^er 2 of Fig. L It is to be understood that in Fig. 
1, and in all of the other figures, tbe arrangement of reaction srt^, number of reaction 
sites, arrangement of channels addr^sing reaction sites, iK>rts, and the like are merely 

15 given as examples that &U within the overall invention. 

A ^chemical, biological, or biochemical reactor chip," (also referred to, 
eqinvalently, singly as a *^cMp^^ as used hsrem^ is an integral article Ibat includes one or 
morereactors. ""Xntegral article" means a single piece ofinaterial, or assembly of 
components integrally connected wiili each oflii^. As used herdn,tiie term "^tegrally 

20 connected," vsibsa referring to two or more o1::gects, means objects that do not become 
separatedfiom^dxother during^ course of iK)rmal use, e.g., cannot be separated 
manuall^r, separation requires at least the use oftools, and/or by causmg damage to at 
least one of ^ components, for example, by breaking, peeling, etc. (separating 
craiponents festened together via adhesive, tools, etc). 

25 AcMp canbe connected to or inserted into a larger fiBmework defining an 

overaU reaction system, for exan^le, a Hgh-througiq^ Thesyst^canbe 
defined primarily by otber chips, cbasds, cartridges, cassette and/or by a larger 
machine or set of conduits or diannels, sources of reactants, cell types, and/or nutrients, 
inlets, outlets, sensodB, actuators, and/or controllers. Topically, the cbq) can be a 

30 generally flat or planar article ^e^ having one dhnensionthat is relative]^ small 

compared to Ibe o&er dimenaons); howev^, in some cas^ tiie chq> can be anon-planar 
article, fi>r exanq>le, tiie chip may have a cubical shape, a curved sur&ce, a solid or block 
shape, etc. 
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As used hereby a ''meinhiai^ 
sack that one of the dimensions is substantially smalls than the other dimensions, that is 
permeable to at least one snbstoxce in an environm^t to which it is or can be exposed. 
Insome(ases,them^nbranemaybegen^aUy£bxibleQrnon-ri^ As an example, a 

5 membrane may be a rectai^;ular or circular material with a length and width on the order 
of ndllimeters, centimeters, or more, and a thidmess of less than a millimeter, and in 
some cases, less ttian 1 00 microns, less than 1 0 microns, or less than 1 mi^on or less. 
The m^nbrane may define a portion of a reaction site and/or a reactor, or the mrankane 
may be used to divide a reaction site into two or more portions, ^^ch may have volumes 

10 or dimensions T^ch are substantiaUy the same or diE&irmL Non-limiting example of 
sutetances to which ibe membrane m^ be peraieable to include water, O2, CQ2, or the 
like. As an exanq>le, amemhrane may have apemieabilify to water of less than ahout 
1000 (g micromfitor/m^ day), 900 (g miciametet/m^ day), 800 (g nriaxjmeterte^ day), 
600 (g micrometa/m^ day) or 1^; the actual pemieability of water through the 

15 membrane may also be afimction of the relative humidify in some cases. 

Some membranes may be semi|^xmeable membrane which those of ordinary 
skill in the art will r^^ogmze to be m^branes pezm^le with respect to at least one 
spedes, but not readily permeable with respect to at least one other sped For 
example, a sendpenneable membrane may allow o^gen to permeate across it, but iK>t 

20 allow Vfstsx yapor to do so, or may allow water vapor to permeate across i^ but at a rate 
that is at least an onto: of magnitude le^flian that for oxygen. Or a semq^emieaLble 
membtane may be selected to albw water to permute across it, bu^ For 
example, the membrane may be permeable to cations and substantially impermeable to 
amons, or permeable to anions and substantially impermeable to cations (e.g., cation 

25 exchange membrane and anion exchange membranes). As another example, the 
membrane may be snbstairtially imp^cmeable to molecules having a molecular wdght 
greater than aboixt 1 kilodalton, 10kilodaitons,or lOOMlodaltonsormore. In one 
embodiment, the membrane may be impemieable to cells, but be chosen to be penneable 
to varied selected substances; for example, the membrane may be permeable to nutrients, 

30 protems and other molecules produced by the cells, waste products, or tte Inother 
cases, the membrane may be ^impermeable. Somienietnbraxiesmaybettansparratto 
particular ligjrt (e,g. infiared, UV, or visible light light of a wavelength with whidi a 
device utiHzang the membimie interacts; visible Ugbt if ^ "Wherea 
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membrane is substandally transparaxt^ it absorbs ik) more than 5 0% of li^ or in other 
mbodimeiitsiiomore1im25%or 10%oflight,asdes(^ In 
some cases, a motnhiaaeiiiay be both semipenneable The 
membrane, in one eoibodiment, may be used to divide a reaction site constructed and 

5 arranged to si^portceU culture jfrom a sec^ For 
example, a reaction site may be divided into three portions, four portions, or five 
portions. For instance, a reaction site may be dhdded into a &stceU culture portionand 
a second cell culture portion flanking a first r^smroit portion and two additional 
reservoir portions, one of which is separated by amranbrane fix>m the first cdl cultuie 

10 portion and oihst of v^ch is sqmrated by a memihrane fixnn the second cell culture 
portion. Ofcourse,tiu)seofordinary skin in fte art \viU be able to design 
airangacnents, having varying nmnbera of cell culture portions, res^oir portions, and 
the like, as described herern. 

As u^herem, a "^substaiitMytransi^reiit^ material (for esanrpie, amembrane) 

15 is amat^ial that is able to transmit electroms^gnetic radiation in some cases such that a 
moodily of &e radiation incident on Aenoiataial passes through the material unaltered, 
and in some embodiments, at least about 75%, in other embodim^its at least about 80%, 
in stiU other embodim^its at least about 90%, in still oth^ embodiments at least about 
95%, in still other embodimerits at least about 9^ 

20 least about 99% of tl^ incid^ radiation is able to pass through the material unaltered. 
In certain cases, the material is at least partially transparrait to electromagnetic radiation 
within tile above-mentioned wavelei^tii range to the extent necessary to promote and/or 
monitor a physical, chemical, biochemical, and/or biological reaction occurring wi&in a 
reaction sit^ for exanq>le as previously described In oliigr embodiments, fee material 

25 may be transparent to electromagnetic radiation within the above-mentioned wavelength 
range to the extent necessary to monitor, obs^e, stimulate and/or control a cell wiflnn 
the reaction site. In some cases, the material is substantially Iranspar 
electromagnedc radiation rangins between fixe mfiared and ultra^dolet rang^ including 
visible light) and, hi particular, between v^veloigths of about 400 nm-410 nm and 

30 about 1,000 nm. £nsQmecases,theniatmalna^be1ranspar^toelectroniagn^c 
radiation between wavelengths of about 400nm-410nmand about 8 0 0 nm, and m 
some embodiments, the noiaterial may be substantiaUy transparent 
wavdexig^ of about 450 nm and 700 nm. 
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As used herdn, a ^^reactof is the combination of compon^its including a reaction 
site, any chamb^ ^eluding reaction chambers aid ancillary chambers), channels* 
ports, inlets and/or outlets ^e., l^dmg to or £x>m ar^ctionsite^ sextsoxs, actuators, 
processors^ controllers, membranes, and the like, ^^ch, togedier, operate to contain, 

5 promote and/or monitor a biological, chemical, and/or biochemical reaction, interaction, 
operation, or experim^ at a reaction site, and \^ch can be Forexanq>le» 
a diip may indwie at least 5, at least 1 0, at least 20, at least SO, at least 1 00, at least 500, 
or at least 1,000 or more reactors. Exan^Ies of reactors include chemical or biological 
reactors and cell culturing devices, as well as Ihe reactors d^nibed in ioteamational 

10 Patent AppKcationNo-PCT/US01/07679,ffledMarch9,2001, entitled ^croreactor,*' 
by Jury, ef oi, published as WO 01/68257 on Sept^ber 20, 2001, incorporated herem 

reference. Reactors can include one or more reaction sites or compartmaxts. The 
reactor may be used for any diemical, bioch^cal, and/or biological purpose, for 
example, cell groAvth, pharmaceutical production, chemical synth^is, hazardous 

15 chemical production, drug screemng, matoials sheening, drug development chemical 
remediation ofwar&re reagents, or the like. For cTcample, the reactor may be used to 
fecilitate very small scale culture of cells or tissues. In od^ set ofembodim^xts, a reactor 
of the invention comprises a matrix or substrate of a few millimeters to centimeters in 
size, containing channels with dimensions on the order o:^ e.g., tens oxhondreds of 

20 micrometers. Reagents ofinterest may be aUowed to flow through tii^ channels, 
exazr^le to a reaction site, or between difier^ reaction sit^ and the reagents may be 
mixed or reacted in some &shion. The products of such reactions can be recovered, 
separated, and treated wrlhin tiie reactor or chip m certain cas^. 

As used hereiii, a ""ruction site^ is defined as a site wiMn a reacts 

25 constructed and arranged te produce aphysical, chemical, bioch^cal, and/or biological 
reaction during use of the reactor. More than one reaction site may be present wifhin a 
reactor ot a ch^ in some cases, &r exanq>le, at least one ruction site, at least two 
reacticm sites, at least three ruction sites, at least four reaction sit^ at least S reaction 
sites, at least 7 reaction sites, at least 1 0 reaction sites, at least 1 5 reaction ^tes, at least 

30 20 reaction sit^, at least 3 0 reaction idtes, at least 40 reaction sites, at least 50 reaction 
sites, at least lOOr^iction sites, at least 500 reaction sit^ or at l^st 1,000 reacticm sites 
ormoremaybepresentwiliiinar^tororaohip. Hie reaction site may be defined as a 
reg^ni^ere a reaction is allowedte occur; for exanqde, areacter may be constrocted 
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and arranged to cjause a reacticiu Within a at the 

inteiseotion of two or more channels, etc. The reaction be, for CTan:q)le^ a miying or 
a separation procras, a reaction between two or more chCTiicals, a light-activated or a 
light-inhibited reaction, a biological process, and the like. In some embodiments, Ihe 
5 reaction may involve an interaction with ligjit that does not lead to a chemical change, 
for example, a photon of light may be absorbed by a substance associated with the 
reaction ate and ccffl^rated into heat Mei^ or re-em^^ tat certain 

embodiments, the reaction site m^ also include one or more cdls and/or tiss^ Tbm^ 
in some cases, the reaction site may be defined as a region surrounding a location 'vsdiere 
10 cells are to be placed wiflun the reactor, for example, a cytophilic region within the 
reactor. 

In some cas&Sp the reaction site containing cells m^ include a region containing a 
gas (e.g., a "gas head space*^, for exan:q)le, if tiie reaction site is not completely filled 
withaliquid The gas head space, in some cases, may be partially separated fix)mtiie 

15 reaction site, tlm>ugh use of a gas-penxieable or semi-pecmeable Insome 
cases, the gas head space may include various sensors for monitoring t^peratuie, and/or 
other reaction conditions. 

lAsny ^bodiments and arrangements of the disclosed devices are described with 
reference to a dhip, or to a reactor, and those of ordinary skill in the art will recognize 

20 that Ihe presenfly disclosed subject matter <an apply tod For exanrple, a 

diannel arrangement may be described in tiie cont^ of on^ but it will be recognized 
that the arrangement can apply in the context of fee other (or, typically, boflu a reactor 
vducbispartof ach^). It is to be understood that aU descriptions herein that are given 
in tile context of a reactor or chip apply to the other, unless inconsist^ witii the 

25 desctiptioa of tiie arrangement in the context of the definitions of ''ch^)" and **reactar^ 
herem. 

Tbe tenn "deterinining," as used hereiri, generany refers to the measm 
and/or emsiysSs of a substance (e*g.» within a reaction site), for example, quantitatively or 
qualitatively, or tiie detection of the presence or absence of the substance. 
30 Ttetecmining^ may also refer to Ihe measuremmt and/or analyds of an interaction 
between two or more substance for example, quantitatively or qualitatively, or by 
detecting tixe presence or absence of the interaction. Esian^^ of techinques suitable for 
"determining" indude, but are not limited to, gravimetric analysis, calorimetry, pressure 
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or teii^)eratare measnr^^t, spectroscopy such as mftaml, absorption, fltioresceiice» 
UVAdsible, FTIR CToutier TransBarm Inftared Spectroscopy^, or Raman spectroscopy; 
gravmietric tedmiques; ellipsometr^ piezoelectric measummecits; inmnmoassays; 
electrochemical measurements; optical measurements soch as optical density 
5 measurements; drcular dichroism; light scattering measurements sudi as quasielectric 
Hg^ scattering; polarimetiy; refiactometry ; or turbidity measurements, including 
nephelometry. 

Exemplary features of certain disclosed devices are now d^cribed in more detaiL 
Referring to Fig. 1, one poition of a cUp according to one embodinoeuti^ 

10 sdiemalically« llieportioniUustratedisakyer2 wUchiiuslu^ withinitasedes of 
void spaces whicA, \^*en layer 2 is positioned between two layers (atop and bottom 
layer relative to the plane of Fig. 1, not shown) define a series of enclosed channels and 
reaction sites. The overaU arrangement into \^chbyer 2 can be assembled^ 
cMp win be undersh>od more clearly fiom the dcKaqrtion below with respect to other 

IS figures. 

Fig. 1 represents an embodiment including six reaction sites 4 (analogous to, for 
example, reaction ate 125 of Fig. 3A, or reaction site 112 of Fig. 4A, desaibed below). 
Reaction sites 4, in certain mibodiments, can define a series of gmerally aligned, 
ekm^ted, rounded rectangular voids within a relatively thin, generally planar piece of 

20 material defining layer 2. Reaction sites 4 can be addressed by a :^es of channels 

including chaxmels 6 for delivering species to reaction sites 4 and channels 8 for removal 
ofspedesfit)m the reaction sites. Qfcourse,anycombinafionofchannel5canbeusedto 
deliver and/or remove species fiom the reaction sites. For exantple, channels 8 can be 
used to deliver species to the reaction sites T^dule channels 6 can be used to remove 

25 spec^,etc. Although shown as lines in Fig. 1, channels 6 and 8 are misunderstood to 
define voids within layer 2 which, when covered above and/or below by other layers, 
may become enclosed channels. Each ofchannels 6 and 8, in the embodim^ illustrated 
inFig. 1, is addressed by aport 9. Where port 9 is connected to an inlet channd it can 
define an inlet port, and where fiddly connected to an oufiet chaimel 

30 oulletporL In the embodiment ilhisttated, port 9 is a void that is larger in 

widSiofdhannels6or 8. Thoi^ of ordinary skiU in the art will recognize a variety of 
technique fi^ accessing ports 9 and utiliang them to iidroduce species Into channdis, 
and/or remove sped^ fiom channels addressed by those ports. As one example, port 9 
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can be a "^self-sealing^ port, addressable by a needle (as descnbed mote fblly below) 
vibm at least one side of port 9 is covered by a layer (not sbown) of material ^dnch» 
1^1^ a needle is incited Ihrou^ the material azi^ 

iinpermeable to spedes such as flmds introduced i^ or removed j&om the cMp via the 
5 port 

Also shown in Fig. 1 are a series of ports 1 5, not shown to be fluddly connected or 
connectable to any inlet channels, oufletchamieH or reactions!^ Ports 15 

can be defined by voids in l^rer 2, and can be used to &cilitale fluidic connection 
betwem and among various layers of a chip and/or an environment esctmial to the chip* 

10 As an example, where lay^ 2 forms part of a muM-layer chip including multiple reaction 
sites in different layers, another layer may be provided on one side of layer 2 (optionally 
separated by an intermediate layer or layers) including one set of reaction sites or 
conduits, and another layer may be provided on fhe opposite side of layer 2, similarly 
separated by xntCToediate layeis if d^irable, and ports 1 5 m^ define passages or routes 

15 for fluidic connection between reaction sites and/or ccmduits of chip layers on opposite 
sides of layer 2. Ports IS also may connect to channels communicatmg with a 
coixq)artment aligned wifli a con^artment defining reaction site 4, separated fiom fhe 
reaction site by a mmihrane, e*g.5emipemieable membrane. In this way, fluid can be 
independently flowed into, out oi^ and/or through a space on one side of a membrane, 

20 and also independmHy throng a space on fhe other side of the membrane, one or both 
dejining a coir^yartment and/or reaction site. 

hi Fig. 1, each reaction site 4, along with the associated fluidic connections (e.g., 
cbannels 6 and 8 , ports 9 aiod ports 1 5), together define a reactor 14, as indicated by 
dottedlines. MF^. 1, layer 2 contains six such reactors, each reactor having 

25 substantially fte same configuration. In other embodiments, a reactor majr include more 
than one reaction site, channels, ports, etc. Additionally, a chip layer may have reactors 
that do notbave substantially tiie same configuratioa 

Additionally shown in Fig. lisaseii^of devices 16 inhich can be used to secure 
layer 2 to other layers of a chip and/or to assure aligmnent of layer 2 with other layers 

30 and/or other systems to which the ch^ is desirably cotq)led. Device 16 can define 
screws, posts, indentations ^.e., Ilmt match conesponding protrusions of other layers or 
devices), or the like. Tboseof ordinary skiU in the art are aware of a variety of suitable 
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techrdques for securing layers to other layers and/or chips disclosed herein to other 
cataponsnts or systems using devices such as these. 

In some embodimraits, tiie reaction site(s) of adevice, such as a chip or reactor^ 
may be defined by geometrical considerations. For ©cample, the reaction site may be 

5 defined as a compartment in a reactor, a channel, an int^section of two or more 
channels, or other location defined in some &shion (e.g., formed or etched within a 
substrate that can define a reactor and/or chip). Oth^: methods ofdefining a reaction site 
are also possible. M some enibodiments,1fae reaction site loay be artificially c^ 
example, by the intersecdcm or union of two or more fluids (e.g*, within one or several 

10 channels), or by constraining a fluid on a surface, for example, usii^ bumps or ti^es on 
the suifece to constrain fluid flow, in other embodtaients, the reaction site may be 
defined throu^ electrical, magnetic^ and/or optical systems. For example, a reaction site 
may be defined as the intersection between a beam of light and a fluid channel 
The volume of the reaction site can be veiry Rman iti certam embodiments* 

1 5 Specifically, the reaction site may have a volume of less than one liter, 1^ th;^ about 
1 00 ml, 1^ than about 1 0 ml, less than about 5 mU less than about 3 ml, less than about 2 
ml, less than about 1 ml, less than about 500 microliters, less than about 300 nucxolitears, 
less than about 200 microliters, less than about 100 microliters, less than about 50 
microliters, less than about 3 0 microliters, 1^ than about 20 microliters or less than 

20 about 10 inicroliters in ^ous embodiments. The ruction sitemap also have a volume 
ofl^ than about 5 microliters, or le^ than about 1 microliter in certain c The 
reaction site inay have any convenient size and/or shape. In another set of embodiments, 
the reaction site may have a dimension that is 500 microns deep or less, 200 microns 
deep or l^s, or 100 microns deep or less. 

25 lb some cases, cells can be present at the reaction site. SensQr(s) assodated with 

the cfa^ or reactor, in certain (^es, may be able to determine the number of cells, the 
densi^ofcdls, the status or h^Miofthe cell, the ceU type, the physiolo^ of the cells, 
ete. Id certain cas^ the reactor can also nfiaiidaan or coiitrolo 
&ctors associated with the reaction site, for example, in such a way as to si^port a 

30 chemical ruction or a living cdL In one set ofemlK)diments, a sensor may be connect 
to an actuator and/or a nucroprocessor able to produce an appropri^ 
environmental fiictorwiQiin the reaction site. The actuator may be connected to an 
external punq)^ the actuator may cau^tiie release of a substance fitnn a reservoir, or the 
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selectively IdU a ^e of ceUsuscqytible to that ea The rractor can include one or 
more than one reaction site, and one or more than one seaisor, actuator, processor, and/or 
control i^ystem associated vvith the reaction site(^^^ It is to be understood that any 
5 reaction site or a sensor technique disclosed herein can be provided in combination with 
airy combination of other ruction sites and sensors. 

As used herein, a ""chamier b a condmt assMnated with a reactor 
(mOun, leading to, or leading fiom a reaction site) liiat is able to transport one or more 
fluids specifically fiom one location to another, for example, fiom an inlet of the reactor 
10 or chip to ar^ction site, e.g., as further described below. Materials (e.g., fluids, cells, 
particles, etc.) m^ flow through the channels, continuously, randomly, intenmttenfly, 
etc« The channel may be a closed chaniiel, or a chamiel that is open, for exaxi^^ 

to the external enviTDmnent snrroimding the reflctor at chip mntetnmg fhft ir^arJ^nT The 
diannel can include characteristics that ^n^Hf^ control over fluid transport, e.g., 

15 structural characteristics (e.g*, an elongated indentation), pl^^cal/chemical 

characteristics (e«g«, hydrophobicity vs. hydrophilicity) and/or otfaar characteristics that 
can exert a force (e*g., a containing force) on a fluid when witinn the channel. Thefluid 
within tile channel may partially or completely fill the chaimeL In some cases the fluid 
may be held or confined within the cimmel or a portion of the diannel in some j^shion, 

20 for example, usmg sur&ce tension (i.e., such that the fluid is held within Hxst chamiel 
witiun a meniscus, such as a concave or cotxvexmeidscus). The channel m^ have any 
suitable etc ss-secdonal shq>e that allows for fluid transport, for example, a square 
channel, a circular channel, a rounded chaimel, a rectangular channel (e.g., having any 
aspect ratio), a triangular channel, an irregular channel, etc> The channel may be of any 

25 size within the reactor or chq). For example, the channel inay have a largest dimension 
perpendicular to a direction of fluid flow witiiin the channel of less than about 1000 
micrometers in some cases, less than a]x)ut 500 micrometers in other cases, less tiian 
about 400 micrometers in other cases, less than about 3 00 mioometers in otiier cases, 
less tiian about 200 micrometers in still other cases, le^ than about 1 00 micrometers in 

30 stiU other cases, or less tiian about SO or 25 rnicrometers in stiUothsrcase^ Insome 
embodiments, tiie dimen^ons of tixe chaimel may be chosen such that fluid is able to 
fieely flow through tiie channel, for example, ifthefhnd contains ceUs. The dimeasions 
of tiie channel n^tay also be chosen in certain cases, for exati^ile, to allow a c^lain 
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volinxieitncorluiear£lowiateofflind\v^ In one embodm^nt, the dq>& 

of otix^ largest dimen^on perpendicular tx) a direction of flidd flow may be similar to 
that of a reaction site to v^^chtibie channel is in fluid commmication witL Qfcourse^ 
flie nmnber of channels, the sh£qpe or geometry of the channels, and the placement of 

5 chamiels within the diip can be det^mined by tiiose of ordinary skill in the art 

Devices, sack as chips, disclosed herein may also include a plurality of inlets 
and/or outlets ttiat can receive and/or output any of a variety^ of reactants^ products, 
and/or fluids, for example, directed towards one or more rectors and/or reaction ates. 
In some cases, the inlets and/or outlets may aUow the asqrtic transfer At 

1 0 least a portion of tt^ plurality of inlets and/or outlets may be in fluid communication 
with one or more reactionists within the device, bi son^ cases, the inlets and/OT outlets 
may also contain one or more sensors and/or actuators, as iurther described below, 
Es^ntially, the device or cMp may have any number of inlets and/or outlets flom one to 
tens of hundreds that can be in fluid conmxunication wtdi one or more reactors and/or 

15 reactionsites. than 5 or 10 hdets and/or ouflets may be provided to the reactor 
and/or reaction site(s) for certain reactions, such as biological or biocbemic^ reactions* 
In some cases each reactor m^ have around 25 inlets and/or outlets, in other cases 
around 50 inlets and/or outlets, in still otiier cas^ aroimd 75 inlets and/or outlets, or 
aronnd 100 or more inlets and/or ouflets in still oflier cases. 

20 As one example, the inlets and/or ouflets of flie device, directed to one or more 

reactors and/or reaction sites may include inlets and/or oixtlets for a fluid sudi as a gas or 
aliquid, for example, &r a waste stream, a reactant stream, a product stream^ an inert 
stream, etc. &i some cas^ the device may be constructed and arranged sudx that fluids 
entering or leaving reactors and/or reaction sites do not substantially distud) reacticxos 

25 that may be occurring therein. For example, fluids may mter and/or l^rve a reaction^ 
witixout afiecting the rate of reaction in 2l chemical, biochemical, and/or biological 
reaction occurring within the reaction ^ite, or witbout disturbing and/or disnqiting cells 
fliat may be pr^ent within the reaction site. Bxarq}lesofinlet and/or outietgas^ may 
include, but are not limited to, CQ2, CO, oxygen, hy drogm, NO, NO2, water v^mjt, 

30 nitrogen, ammonia, acetic add, etc* As ano&er example, an inlet and/or outiet fluid may 
include liquids and/or other substance contained therem, tor example, water, saline, 
ceUs, cell culture medium, blood or othear bodily fluids, antibodies, pH buffers, Events, 
hormone, carbohydrates, nutdents, growtii&ctors, therapeutic agents (or suspected 
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&eiq>entic agetxts), atttifoazning agents (e.g.> to prevent production of foam and « 
bubbles), proteins, aiKtilx>dies, and ft^ The inlet and/or oudetfhndm^ also include 
a metabolite in some <^s^. A ^etaboHte^^ as used herein, is any molecule tiiat can be 
metabolized by a celL For example, a metaboUte may be or iiicliide an aiergy source 
5 such as a caiboby drate or a sugar, for exanq>le, glucose, fructose, galacto^ starch, com 
syrup, and the like. Other exanq)le metabolites include hormones, enzymes, protein 
signaling peptides, amino acids, etc. 

The inlets and/or outlets may be formed within the device by any suitable 
technique known to those of ordinary skill in the art, for example, by holes or apertures 

10 that are punched, drilled, molded, milled, etc. within the device oirvathin a poition of Hxe 
device, such as a substrate layer of a ch^. In some cases, the inlets and/or outlets may 
be lined, for example, with an elastomeric inateiiaL In cotain embodiments, die inlets 
and/or outlets may be constructed usmg setf-sealing materials that may be re-usable in 
somec^ses. For exarnple, an inlet and/or outlet xn£^ be constructed out of a niateriall^ 

15 allows tlie iidet and/or outlet to be liquid-tight (ie., the inlet and/or outlet wiU not allow a 
liquid to pass flierefhrough without the qiplication of an external driving force, but may 
admit the in^rtion of aneedle or other mechanical device able to penetrate the matRrtnl 
under certain condit[ons)» In ^me cases, upon removal ofthe needle or other 
mechanical device, the material may be able to regain its liquid-tight properties OLe., a 

20 ""self-sealing^ material^ Non-limiting example of self-sealing materials suitable for use 
with the invention mclude, for example, polymers such as polydimethylsiloxane 
CTDMS*0, natural rubber, HDPE, or silicone materials such as Formulations RTV 108, 
RTV 615, or RTV 118 (General Electric, New Yoric, NY). 

In some emb odiments, the disclosed device may include very small elements, for 

25 example, sub-inillimeter or niiGn>fluidicden^^ For example, in some embodimj^its, 
the devices msy indude at least one reaction site having a cro^ sectional dimension of 
110 greater Iban, for exan:^le, 100 torn, 80 mm, SO nmii, or 10 m Insome 
^bodiments, foe reaction site may have a maximinn cross section no greater than, for 
example, 100 mm, 80 mm, SO mm, or 10 mnt As used herein, the *^cfoss section" refers 

30 to a distance ineasured between two opposed boundari^ of the reactions^ 

^'maxxmum cross section'' refers to the larg^ distance betwera two opposed boundaries 
that may be measured. In ofoer embodiments, a cross section or amaximum cross 
section of a reaction site xiiay be less than S nmi, less than 2 mni, less foan 1 mr^ 
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than 500 micrometers, less than 300 micrometers, less tiian 100 micrometers, less than 
10 inicrometers, or 1^ than linicrometer or smaller, Asusedliereiti,a**microfliiidic 
chip" is a dap conqnising at least one fluidic element having a sub-millimeter cro^ 
sectioii,ie.,lmvmg a cross section that is less tJ^ As one particular nonrlimiting 
5 exanq)le> a reaction site m^ have a getierally rectangular diaj^ 
a width of 10 nmi, and a depth of 5 mm. 

While one reaction site may be able to hold and/or react a small volume of fluid 
as described herem, the technology assodated wifli the invention also allows for 
jKalahility andparallelization* Wilh regard to throiighput, an array of many reactors 

1 0 and/or reaction sites within a dnp or other device, or within aplnrality of chips or other 
devices, can te built in imraHel to genOTte larger cqmciti^^ For ejcanrple, a plurality of 
chips (e.g. at least about 1 0 chq)s, at least about 3 0 chips, at least about 5 0 cbips^ at least 
about 75 chips, at least about 100 chips, at least about 200 chips, at least about 300 chips, 
at least about 500 chips, at least about 750 chqjs, or at least about 1,000 chips or more) 

15 may be operated in parallel, for example, through Ihe use of robotics, for example which 
can monitor or control the chips automatically. Additionally, an advantage m^ be 
obtained by maintaining production edacity at the small s(»le of reactions typically 
perfonned in the laboratory, with scale-up vkparaEelizatioiL It is a feature of certain 
embodimenfe that many re^:tion sites may be arranged in paralld wilMn a reactor of a 

20 chip and/or within a plurality of chips. Spedficatty, in certain embodiments, at least five 
reaction sites can be constructed to operate in parallel, or in other cases at least about 7, 
about 10, about 30, about 50, about 100, about 200, about 500, about 1,000, about 5,000, 
about 10,000, about 50,000, or even about 100,000 or more reaction sites can be 
coiistructedtooperateinpardUe],fixrexan9le,inahig^-diroug^ Insome 

25 cases, Ihe number ofreactionsitK may be selectsed so as to produce a c^lainqi^^ 
a spedes or product, or so as to be able to process a certain amount of reactant In 
certain ca^ the parallelization of &e chips and/or reactors .may allow many conqKyunds 
to be sa:eeiied simultaneously, or many differe33(t growth conditions and/or cell ]mss to 
be t^^ and/or screened simultaneously. Of course, the exact locations and 

3 0 arrangement of the reaction site(s) within the reactor or chq) will be a fimction of Ihe 
specific qyplication. 

Additionally, certain embodiments described hereiQ may be configured to be u^ 
in coitjunction with a collection chamber connectable ultimately to an outiet of one or 
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moieieactors and/or reaction sites of a chip. The conection chamber may have a volume 
ofgreatextban 10 milliliters or 100 millilit^ Hie collection chamber, in 

other cases, may have a volxime of greater than 100 liters or 500 liters, or great^rthan 1 
liter, 2 liters, 5 liters, or 10 liters. Large vokimesinay be sqppropriate^ere the reactors 

5 and/or reaction sites are arranged in parallel within one or more chips, e.g., aplurality of 
reactors and/or reaction sites may be able to deliver a product to a collection chamber. 

In i^me embodiments, the reaction sit^s) and/or the dianneis in fhndic 
commimication with the reaction sitB(s) are free of active mixing elements. In these 
embodiments, the reactor of the cinp can be constmcted in such a way as to cause 

10 turbulence in fluids provided through the inlets and/or outlets, tiiereby Tnixing and/or 
delivering a mixture of tiie fluids, preferably without active mixing, vrfh^e mixing is 
desired SpedficaUy, the reactor and/or reaction site(s) may include a plurality of 
obstructions in the flow path of Ihe fluid that causes fluid flowing through the flow path 
tomix,forexaii5)le,asdiownininixingunit42inFig.2. These obstructions <»i be of 

15 ^sentiaUy any geoinetricalarrang^nent for exanq)le, a series of pillars. Asusedh^rdn, 
"active mixing elements" is meant to define mixing elements such as blades, stirrers, or 
the like, ^ch are movable relative to the rraction srte(s) and/or channels themselves, 
Utat is, movable relative to portion(s) of the reactor defining a reaction site a or a 
channel. 

20 Chips of certain emhnHmiftnfg rnay he ryY^stnifify^ and flmmgpd gnch that they are 

able to stacked in a predetermined, pre-aligned relationship witii olh^, similar chips, 
such tiiat the dups are aU oriented in a predetemiiiied w^ (&^^ 
way) ^en stacked together. WhOTachipisd^gjiedtobestadcedwifho1her,sM 
chips, the cMp often can be constructed and arranged svxh that at least a portion of the 

25 chip, such as a reaction site, is in fluidic communication with one or more of the other 
chips and/or reaction sites within other cfai|». This anang^ent may find use in 
paralIeli2^Qn of chips, as discussed hraem. 

In one set of anbodinaents, a pr^mfly disclose chip is constmcted and arranged ^ 
such that the dip is able to be stably connected to a micrpplate, for example, as defined 

30 in the 2002 SPS/ANSI proposed standard (e.g., a microplate having dunea^ons of 
roughly 127J6 ± 0^0 mm by 85.48 d= 0.50 mm). As used herein, "stably connected" 
refers to systems ha \^ch two components are connected such that a specific motion or 
force is necessary to disconnect the two components fiom each other, le., the two 
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contponeats cannot be dislodged by random vibration or displac^ent (e^g.^, accidentally 
Iighflybnnq)ingacQmponeDt). Tlieconq)oneiitscanbestably connected by way of 
pegs, screws, snq>-fit coniponents, matching sets of indentations and protrusions, or the 
like, A **micropIate'' is also sometimes referred to as a **microtiter" plate, a "mi<ax> well" 

5 pla!e, or other similar ternos known to tbe art Ibe nucroplate may include any iiamber 
ofwells. Forexanq)le,asis^picaUyusedconmierciaUy,themicropla^ 
well miCToplate, a 24-well mieroplate, a 96-well nncroplate, a 384-well microplate, or a 
1,536-well microplate. The wells may be of any suitable sh^, for example, cylindrical 
or rectangular. The naicroplateniay also have oilier numbra ofwells and/orotic 

10 geometries or configurations, for instance, in certain specialized applications. 

Figs- 3A- 3C illustrate one set of embodiments in which one or more reaction 
sites miay be positioned in a^ociadon witii a diip such that, i^daen the chip is stably 
connected to other chips and/or microplates, one or more reaction stt^ of the clnp are 
positioned or aligned to be m chemical, biological, or biochemical communication with, 

15 or chemically, biologically, or biochemically connectable with one or more reaction sites 
of the other chip(s) and/or one or more wells of the microplate(s), "Alignment," in this 
context, can mean complete alignment, suchtiiat tiie entire ar» of the side of ar^ction 
she adjacent anotiia: reaction site or well completely overly tiie other r^u;tion site or 
well, and vice versa, or partial alignment, where at least a portion of the reaction site cm 

20 overlap at least a portion of an adjacent reaction site or well. **aiemically, biologically, 
or biochemically connectable'' means that the reaction site is in fluid communic^on 
with anoth^ reaction site or well fluid is free to flow firom one to the other); or is 
fluidly connectable to the other site or well (e.g., the two are separated firam each other 
by a wall or oth^ component that can be punctured or ruptured, or by a valve in a 

25 condmt connecting the two that can be opened; or the reaction site a^^ 

are anax^ed such that at least some chemical, biological, or biochemical specie can 
migrate fiom one to the o&er,e.g., across a semipermeable membrane. Asexanqdes,a 
cMp may have six ruction sites that are constructed ard arranged to be aUgn^ 
six wells of a 6-well nricroplate when the chq) is stably connected with the microplate 

30 (e,g*, positioned on top of tiie microplate), a chip having 96 reaction sit^ msy be 
constructed and arranged such that ^ 96 reaction sit^ are constnicted an^ 

aligned wiih the 96 weQs of a 96-weIl microplate when the chip is stably connected 
with the microplate, eto. Of course, in sonie cases, the chip may be constructed and 
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arranged sucb Ibat a Single reaction site of th^ 

microplate "weil aaad/or more than one other reaction site on fhe microplate well, and/or 
sach that more tlian one microplate well and/or more than one other reaction site on the 
microplate well is aligned wifii a single reaction site of the chip. 

5 Disclosed chips also may be constructed and arranged such that at least one 

reaction site and/or rector of the chip is in fluid communication with, and/or dbemically, 
biologically, or biochemically connectable to an apparat us constrocted and arranged to 
address at least one well of a microplate, fi>r examine, an apparatus that can add sped^ 
to and/or remove species firom wells of microplates, and/ or can test species within wells 

10 of a microplate. In this arrangement, flie apparatus may add and/or remove species 

to/fix>m a reaction site ofachq), and/or t^spedes at r^u^ Inthis^oibodiment, 
the reaction sct^ typically are arranged in alignment with wells of the microplate. 

Wilh reference to Fig5. 3 A and 3B, exanq)les are shown in which chq> 120 may 
stably connected to coinmer<aally-a\^ilable microplate 123. Tn Fig- 3A, chip 120 m^ 

15 be positioned such tiiat at least some of reaction sites 125 of chip 120 are aligned whh, 
and/or connectable wWi at least some of wells 127 of microplate 123 ^en chip 120 is 
stably connected to microplate 123. Similarly, in Fig. 3B, chip 120 may be constructed 
and arranged such that, T^^ien stably connected to micn^late23, at least some of reaction 
sites 125 are aligned with, and/or connectable wiA at least a portion of wells 1 27 on 

20 microplate 123. In Fig. 3C, another embodnnent is shown \^iere chips 130, 131,... 132, 
are constructed and arranged such that the chips can be stably connected to eadi other. 
In some ca^ diq)s 130, 131, .... 132 are constructed and arranged sudi that, when 
stably connected to each other, reaction site 135 of chip 130 is aligned with one or more 
o&er reaction sites on other chips, fer example, with reaction site 136 in chip 13 1, ai^or 

25 reaction site 137 in chip 132. 

The disclosed chips can be substantially liquid-tight in one set of embodiments. 
As used heran, a "substantially liquid-tight chip'* or a "substantially liquid-tight reactor" 
is a chq) or reactor, r^pecti vely, that is constructed and arranged, such that» when the 
chip or reactor is filled with a liquid such as water, tl^ liquid is able to enter or leave tiie 

30 chip or reactor solely tiirough defined mlets and/or outlets of the chip or reactors 

regardless of the ori^itatian of &e dnp or reactor, wl^tixe chSp is ass^nbledfor nse. 
In this set of eixibodiments, the cfaq) is constructed and arranged such that when the <Mp 
or reactor is Med with water and the inlets and/or outiets sealed. 
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an evapoiation rate of less than about 100 microKters per day, less than alwut 50 
miax)liters per day, or less than about 20 inicroUtersp^ In certain cas^ a chip or 
reactor will esshibit an unmeasurable, non-2^ amount of evaporation of water per day. 
Tlie substantially liquid-tight chip or reactor can have a zero evaporation rate of water in 
5 other cas^. 

Disclo^ cMps nuiy be fabricated using any suitable manu&ctuxing technique 
for produdng a chip having one or more reactors, each having one ch: nrottiple reaction 
sites;, and the chip can be constructed out of any material or combination of materials 
able to support a fhiidic network necessary to siq^ly and define at least one reaction site. 

10 Non-limiting examples of micro&brication processes that may be utilized for &fancating 
certain chq>s accordii^ to certain embodim^xts include wet etchiag, chemical v^Kxr 
d^sition^ deep reactive ion etching, anodic bonding, irgection molding, hot pressmg, 
andUGA. For exampte,1he chip may be Miricated by etching or molding siHcon or 
other substrates, for e?cample, via standanilithogr^p^ Hie chip may also 

15 be &biicated using microassCTibly or micromachining methcxls, for exan^Ie, 

stereolithography, laser chemical three-dimensional writing methods, sK^ular assembly 
methods, replica moldiiig technique, ii^ecdon molding techniques, milling techniqaes, 
aiidtheIikeasaie]a(M>wnby1h<^ofonliiiarysId^ The chip may also be 

Mxricated by pattaning multiple layers on a substrate (whidi may be tiie same or 

20 different), for exanq)le, as further described below, or by using various known r^id 
prototyping or masking techniques. Exanrples of materials that can be used to form 
chips include polymers, silicones, glasses, metals, ceramics, inorganic materials, and/or a 
Gombmationoflhi^. Themsteciakmay beoi^que,8^-ox»quetransl^^ 
traiis|>areat,andnmybegaspemeahle,semi-pCTneabte Insome 

25 cases, the chip may be formed out of a material that can be etched to produce a reactor, 
reaction site and/or cfaanneL For example, the cHpm^ comprise an inorganic inaterial 
suchasaseiniconductQr,fusedsiUca,quartz,oraxiieta^ Tbe^micoiiductormatetM 
nuQrbe, for exanoqple, but not limited to, silicon, silicon nitride, gallium arsenide, indium 
arsenide, gallium phosphide, indium phosphide, gallium nitride, indium nitride, other 

30 Group niA^ compounds, Gn)i5>IIA^conqiound^ 

compounds, and the like, for exasi^e, compounds having Tbs 
semiconductor material may also be formed out of combination of these and/or other 
semiconductor materials known in fte art M some cases, &e semiconductor nMedal 
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may be etiched^ for example, vmkiiownproc^^ Mc^tain 
embodiments, ihs semiconductor material may have the from of a wafer, for exatcq)Ie, as 
is commonly pETodoced by the semiconductor industry. 

In some embodtmeirts, a chip as disclosed herdn may be formed from or indude 
a polymer, such as, but not limited to, polyacrylate, polymethacrylate» polycaibonale, 
polys^rone, polyethylene, polypropylene, polyvinylchloride, polytetrafluoroefhylene, a 
fluorinated polym^, a silicone such as polydimetlrylsiloxane, polyvinylidene chloride, 
Ws-benzocyclobutene (*BCB"), a polyimide, a fluorinated derivative of a polyinride, or 
thelike* Combinations, copolymers, or blends involving polymers includ^ 
desaribed above may also be used Ihe chq) inay also be formed fiom coiBposite 
mat e ria ls, for example, a conaposite of a polymer and a semiconductor materiaL 

In some embodiments, tixe chip, or at least a portion thereof is rigid, such that the 
chip is sufficiently sturdy in order to be handled by commerdally-availabb microplate- 
handling equipment, and/or such that the ch^ does not b ecome deformed after routine 
use. Those of ordinary skiU in the art are able to select materiab or a combination of 
materials for chip construction that meet this specification, while mueetmg other 
spedficarions for use for v^h a particular chip is iiitended in other embodiments, 
however^ the ch^ may be semi-rigid or flexible. 

In certain embodimentSj the chip may inchiHe fl f rfftplirah lp. in^rtmftl For 
e2^nq>le, the chip may be sterilizable in some &shion to kill or othearvrise deactivate 
biolo^cal cells (e.g., bacteria), virus^ ete* therein, before the chip is nsed or re-used. 
For instance, the chip may be stOTlized wi& dieniica^ 
ultraviolet Hght and/or ionizmg radiation), heat-treated, or flie Appropriate 
sterilization techzuqnes and protocols are knomit^ For 
example, in one ^bodunent, the chip is autodavable, Le^ the chip is constructed and 
arranged out of niaterials able to withstand commonly-used autoclaving conditions (e.g.» 
expose to tensypecatmes greater than about 100 or about 120 "^C^oflcai at elevated 
pressures, such as pressures of at least one atmosphere), sudi that the chip, after 
st^ilizatiort, does not substantially deform or olhmvis^ Other 
^camples of sterilization techoiques include exposure to cm)ne, alcohol, phenolics, 
halogens, heavy metals (e.g», silver nitrate), detergecrts, quatanary 
components, ethylene oxide, CQ2, aldehydes, etc. In ano&er embodiment, die chip is 
able to widistandioni2ang]:adiation» for example, short wavelength, highrintensity 
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ladiatioQ, such as gamma rays, electrcm-beams, or X-rays. In some cases» icwmg 
radiation may be produced from a nuclear reaction, e.g., from the decay of ^Co or ^Cs. 

In one set of embodiments, at least a portion of the chip may be &hricated 
^thout the use of adhesive materials. For emiq)Ie, at least two components of a ddp 
(e.g., two layeis of the dhip if Ihe chip is amulti-layered structure^ a layer or substrate of 
the chip and a membrane, two m^nbranes, an article of its chip and a component of a 
nmsrofluidic syst^ etc.) may be &st^ied together without the use of an adhesive 
material. For exanq>le, the components may be connected by ming methods sucii as heat 
sealing, some ivelding, via appUcation of a piessure^-se^ In 
one embodament, the components may be held in place mechanically* For example, 
screws, posts, cantilevers, matching indentations, etc. may be used to mechanically hold 
the cbq> (or a portion thereof) together. In otiier embodiments, the two components of 
the chip may be j oined together using techniques such as, but not limited to, heat-^aling 
metiiods (e.g., or more components of the claip may be heated to a tenq)erature greater 
than the glass transition trax9)eratiire or the melting temperature of the comport^ before 
bemg joined to other oonq)onents), or sonic weldhig techniques (e.g., vibration ooergy 
such as soxmd energy may be applied to one or more ccxtniKm^ts of the chip, allowing 
tiie comiranents to at least partially liquefy or soften). 

In certain embodimenls, two co£iq)onente of the chq) may be fi^^ 
sealing method. Fore?cacxq)le,oneormorecon]^i)entsofthechipmaybel^^ 
temperature greater than ttie glass transition temperature or Ibe melting temperature of 
tiie con^nent (Le., temperatures at which tiie conqKment softens or be]^ to liquefy). 
Tlie components can be placed in corxtact with each otiier and a^ 
the glass transition ten^erature or the melticg temperature, thus allowiiig the 
conqKmeats to became &stened together. 

In certain embodiments, tiie two conqionents can be &stened via sonic welding 
techniques* As one example^ vibration ^aergy (e.g», sound energy) may be q^lied to 
one or more components of ttedsq). The q^lied vibration Clergy causes the 
componOTt(s), or at least a portion of Ihe component(s), to at least partially liquefy or 
soft^ The conipotients can tiien be placed together. The vibration energy m^ then be 
stopped, thus aUowing the conqmnmts to beconie&stened together. In some cas^ tiie 
components ni^ be desigried such that the vibration ener^ 
into certain regions of the component (an ^energy director^ region), such that only the 
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eaergy director region of the component is able to liquefy under the influeaice of the 
vibration energy. For exaiiq)le, when vibration energy is applied to a coinponent, a 
substantial fiaction of the energy can be concenfccated in an energy director region, 
aUowing at least a portion ofthe energy director to soften or liquefy. Thesoftened 
and/or liquefied region may then be connected to other components of the chip and 
allowed to harden, thus allowing two conqjonrats of the chip to be festeued together. 

In another set of embodiments, two or more components of the chip may be 
joined using an adhesive material As used herem, an "adhesive material*' is given its 
ordinary meaning as used in the art, Le., anauxiliary material able to festenorjointwo 
other materials together, Non-liInitingexa^^)les of adhesive materials suitable for use 
with tite invention include silicone adh^ves such as pressure-sensitive silicone 
adhesive neoprene-basedadheaives, and latex-based adh^es* The adhesive may be 
q)plied to one or more conqKments of the chip usiag any suitable method, for example, 
by applying the adhesive to acomponent of the chip as a liquid or as a semi-solid 
material such as a viscoelastic solid. For €xair5)le, in certain embodimeiits, the adhesive 
may be applied to the coiiq>onimt(s) using transfer tape (e. g., a tapo having adhesive 
material attached tiiereto, such that, \dien the Ispe is ^lied to the component, the 
adhesive, or at least a portion of tiie adhesive, remains attached to the conqwnent vAiea 
the tq)e is removed from the conq)anent). In or^ set of embodiments, the adhesive may 
be a pressure-sCTsitive adhesive, ie,, the material is not normally or substantially 
adhesive, but becomes adh^tve and/or increase its adh^ve strengQi under the 
influence of priKtsure, for exaioqple, a pressure greaterlhan about 6 atm or about 13 atm 
(about 100 psi or about 200 psi). Non-limiting ejcainples of pressure-sensitive adhi^ves 
include AR Oad 7876 (available from Adhesives Research, Inc., Glen Rode, PA) and 
Trans-Sil Silicone PSANT-1001 (available from Dielectric Polymers, Holyoke, MA) 

Iq certain embod im ent s, the adhesive may be applied to at least a componeat of 
the cMp usmg a solvent-bonding systenL In a solvent-bonding Systran, one or more 
components of the chip are placed in an environment rich in solvent vq>or, Le., the 
envircmment that the compQnent(s) is placed in is saturated or siq)ersatmated with a 
solvent, such that tiie solvent is able to condense onto the conqKmeirt(s) placed within the 
environment undar suitable conditiQns (e.g^ M^/bsax the pre^pure and/or the tenq)erature is 
lowered). The components can tiiea be contacted togetha- within the envi mTmi^ 
allowed to festeatogeftier, for exan5)le, \rtiea the environment including solvent) is 
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ranoved As one specific example, two polycarbonate components of a chq) of the 
invmlion may be fiistened together in a meliiylene chloride mviromneiiL For exmplt^ a 
thin layer of a solvent, i.e, me%lene chloride or the like, may be applied to a sur&ce. 
The two srafex^es to be joined may then be pressed and/or clamped t^^ 

5 pressure to ensure bonding* 

In sonie embodhnents, the cMp nmy be constructed aiid arranged suc^ 
more reaction sites can be defined, at least in party by two or more coiDponente 
together as preidously described 0.e., with or without an adh^^ In some cases, a 
reaction site may be firee of any adhesive material adjacent to or otherwise in contact 

10 with one or more sur&ces defining the reaction site, and this can be advante^ 

instance, when an adhesive might otherwise leach into fluid al the reac^ Of 
course, an adhesive may be used elsewhere in flie chip, for example, in other reaction 
sites. Similarly, in certain (^ses, a reaction site no^ be constnu^tedusin^ 

mafayiflk^ s\^h that at least a pnrtinTi nf Ihe flJhftgivft mgtBrifll ngptd tn construct the 

15 reaction site renimns within the ch^ such that it is ac^'acent to or other^ remains m 
contact with one or more sur&ces defining the ruction site. Of course, other 
conqxments of file chip m;^ be constructed widiout fiie use of adhesive materials, as 
previously discussed 

Referring iiowto Fig. 2, one example ofanncrofiuidic chip 40 is shown^ Chip 

20 40 includes four general units, including a mixing unit 42, heating/dispersion unit 44, 
reaction site 46, and separation unit 48. One or more sensors, processons, and/or 
actuators (not shown) can optionally be included m ^nsing or actuating communication 
with the chip, respectively. *^ensing communit^on'' arid "actuating communication,*' 
as used herem, means that a sensor or actuator, respectively, is positioned anyi^iere in 

25 assodation with file chip suchthat the ravuxxoment of the reaction site and/or the content 
ofthe reaction site can be determined and/or controlled. A sensor or actuator can be 
mduded within the chip, for exan:q)le embedded withm or hitegrally connected to the 
reaction site, positioned widiin or on the cbq), or positioned remotely fixim the dhip but 
witfaphysical^ electrical, and/or optical connection with the reaction site so as to be able 

30 to sense or actuate a fiictor withm the reaction site. For example, a sensor may be free of 
any physical connection with a chip, but may be positioned so as to detect fiie r^ts of 
interaction of electconotagnetic radiation, such as infiared, ultraviolet; or visible light, 
\^ch has been directed toward a reaction site and has passed through fi^ 
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beeaieflecl^ordiffinctedbytheshe. Asan0&ere3campIe,asGiisoriiiaybeposi1iaiie^ 
on or vn&m a dup, and may sense activity at a reaction site by bdng connected optically 
to tiie reaction site via a waveguide. Ilie c]up can be dnularly directiy or indirectiy 
connected to a network or a control system for overall control of detection and actuation. 

5 Sensing and actuating communication can also be provided inhere the reaction site is in 
communication wifb a sensor or actuator fluidly, optically or visually, tiiermally» 
pneumatically, electronically, or the like, so as to be able to sense a condition of the 
reaction site and/or die content of tiie site. As one example, the sensor may be 
positioned do^wnstreamof one of the outiets, or behind a membrane or a transparent 

10 cover separating the reaction site fiomtiie sensor* Additional discussion of sensing and 
actuating arrangements is provided bdow. 

Fig. 4 illustrates anotiier embodiment of a chip device as presentiy disclo^. 
Fig. 4AiUu5trat^ a top view and Fig. 4B illustrates a side vievv of chq>^ Ititiiis 
embodiment, chip 105 is composed of three layers of material, namely, top lajror 100 

IS (yMch is transparent in the embodiment illustrated), middle layer 115, and lower layer 
110, Qfcourse, in other embodiniraits,chq) 105 may have more or fe^ 
material (e.g., including only 1 layer), dq)ending on the specific application. Jn tiie 
CTb(^iment shown in Fig. 4, middle layer 115 has one or more void spaces 112, 
defining a phiralityofpredetennined reaction sites as discussed belo^ Qneormore 

20 chaimels 116, 117 may also be defined within middle l^er 1 1 5, in fluid communication 
with reaction site 112. ^ some cases, one or more ports 114, 118 may allow external 
access to the channels, for example through xjpper layer 100. 

Upper layer 1 00 may cover or at least partially cover middle layer 115, thereby in 
part defining reaction site(s) 112. Insomecases,iq)perlayerlOOmaybepernieabletoa 

25 ^ or liqdd, for e»Bmple, in cases where a gas or liquid ag^ 

penetrate flbroi^ upper layer 100. For instance, iqjper layer 100 maj^te formed from a 
polymer such as apoly(acetyIene) humidity control matraal as described above, etc^ 
^ch may be thin enough to allow detectable or measurable gaseous transport 
&erethrou^ In soniecas^ga^us transport fhrou^v^jperkyerl^ 

3 0 vdule the transport of a liquid tiirough upper layer 1 00 is not generally possible vrilhin a 
reasonable time fiame. In certain cases, iipper layer 100 may also be substandaUy 
traiisparent or translucent, for example, in eii^ 

reaction or activate a process (e.g., within tiie reaction site). In some cases, tq>per layer 
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1 00 be fonned &om a polymer that allows a gaseous pH-altedng agent to p^meate 

across. In certain instances, iqppexlaye^ 

soling, le-, the material may be penelxated by a soM ob^ 

shape after such penetration. For example, upper layer 100 may be formed of an 

5 elastomeiic material which may be penetrated by amechanical device soch as aneedle, 
but vfUck sealingly closes once the needle or other mechanical device is withdiawa 

Middlehcyer 1 15 may include four void spac^ inthe embodimmt illustrated in 
Fig.4 Of course, in other enibodiments, more or feworvdd spacer 
within middle layer lis. In the embodiment illustrated in Fig. 4, void space in middle 

10 layer 115, along with upper l^er 100 and lower layer 1 10, may define rraction site 1 12. 
In the embodim^ of Fig. 4, &ere are four reaction sites 1 12, ^^ch are substantially 
identical; however, in other embodiments, more or fewer jKedetennined reaction sites 
may exist, and the reaction sit^inay each be die same or different In tiie embodiment 
shown, each void space is substantiaUy identical and has two fluid chance 116, 117 in 

15 communication with the void space. Of course, in other embodiments, there may be 
more or fewer channels running throughout the chq). In&e embodiment ofFig. 4, fluid 
chaimelll6isconnectedtoport 118 ia layer 115, and fluid chaniiel 117iscomiecledto 
port 114 in lay)^ 115; in other raibodiments, of course, fluid diannels 116 and 118 may 
fluidly comiect one or more r^iction sit^ to each other, to one or more fluid penis, 

20 and/orto one or more other components witfain chip 105. Ports 114 and/or 118 n^ be 
tised to introduce or wididraw fluids or otiier substances fixn^ In 
some embodiments, reaction site 112 and/or one or morefluidic channels maybe 
defined, for example, in one or more layers of Ihe chip, for example, solely within one 
kyer, at a junction between two layers, in a void space that spans tinee lajrers, eto. 

25 Ports 114 and 118 may be influid communication with one or more reaction 

site(s)112. Ports 1 14 aiid 118 may be accessible, in some cas^ by in^rting a needle or 
other mechanical device through upper layer 100. For example, in some «i^,upi^ 
layer 100 may be pmetrated» or a space in tqiper kyer 100 tnay peri^ 
ports 114 and/or 118* hi some cases, upper layer 100 may be con^sed of aflexible or 

30 elastom^c material, ^^chruay be seif-^sealing in some cases, hi certain instancy 
vpp&^ layer 100 may have a passage formed therein that allows direct or indirect acc^s 
to ports 114 and/or 118, or ports 114 and/or 118 may be fonned in upper layer 100 and 
connected to chamiels 116 and 117 through channels defined within layer 100. 
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Ixjwer layer 110 foms the bottcan of cW Aspreviously 
d^cribed, parts of lower lays: 110 inpartinay define reaction site 112 in certain 
instances. In some cases, lower layer 1 10 nmy be foiniedofa relatively hard 
m a t eri al, "winch may give relatively rigid stmctaral support to chip 105. Of course, in 
5 other embodiments, lowiar layer 1 10 may be fonned of a flexible or elastomeric material 
(i.e., noDrrigid). Insome cases,lowerlayer 110 may contain one or more channels 
defined therein and/or one or more ports defimed therein. In some cas^ ntiaterial 
defining a boundary of flie reaction site, such as lower layer 1 1 0 (or upper layer 1 00) , 
may contain salts and/ or other materials, fi>r example, in cases where the materials are 

10 reacted in sonie&sMon to produce an agent that is aUowed to be transported t^ 

proximate reaction site 112. The agent niay be any agent as previously discussed, for 
instance, a gas, aliquid, an aci4 abase, a tracer compound, a small molecule (e.g., a 
molecule wifli a molecular weight of 1^ than about 1000 Da- 1500 Da), a drug, a 
protein, or tiie like, and transport may occur by any suitable mechanism, for example, 

15 diffusion (natural or fa c ilitated) or percolation. In one embodiment, the agent is 
produced by a thennal decomposition reaction tiiat m^ be externally initiated, for 
exan[q)le,usmg electric current or light (e.g., with a laser). In certain olb^cas^ 
n[iaterial defining a toundary of fte reaction site, such as lower Iqrer 110 or upper l^er 
100, m^ contain one or more reservoirs of agents tiiat are not in fluidic contact with 

20 reaction site 1 1 2» but where the agents may be transported to or proximate the reaction 
site, for example, by creating at least one fluidic connection between a reservoir and a 
reactionsite. The transjwrtrray be externaflycOTtroUed or driven in some rase^ 
using an electric or inagnetic field to dhectfliudmov^^ Of course, in still oth^ 
c^ses, lower layer 110 and/or itpp^ layer 100 may not contain any agents or other 

25 res^oirs. 

It should be understood that Ae chi]^ and reactors disclosed b^:ein may have a 
wide variety of different configurations. For example, a chip may be formed fixmi a 
single material, or the cMp niay contain more than one type 0^ 
agent In some cases, a chip ni^ contain more tiianoiie^i^tem able to 
30 environinental&ctor(s)witiimoneorniorer^u!tionsi^ Forexample, 
the ch^ may contain a sealed r^ervoh: and an U[pper layer that a non-^H-neutral gas is 
able to i^rm^te across. 
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The presently disclosed chips can be coxistracted and arranged so as to be able to 
detect or determine one or more environmental conditions associated with ar^cdon she 
ofthe reactor, for ^aorqple, using a sensor. In some cases, each reaction site may 
independently detCTnined. Detection ofihe environmental conditionmayoccnr, for 

5 e>i:ample, by means of a sensor \^chniay be positioiiedmthin thereat or 
pc^tioned proximate tiie reaction ^te, Le*, positioned such that the soisor is in 
conmmnicslion with Ihe reaction site in some manner* In some cas^ such detection 
may occur in real*-time. The sensor may be» for example, a pH sensor, an optical sensor, 
an OTiygea sensor, a sensor able to detect the concmlration of a substance, or the like. 

10 Other emnples of s^isors are further desc3ibedbelo^^ The sensor may be embedded 
and integrally connected with the chip (e^g., widiin a component defining at least a 
portion of the reaction site a channel in fluidic communicalion with the reaction site, 
etcO, or separate fiom the chip in some cases (e*g., within sensing communication). 
Also, -ftie sensor may be integrally connected to or sq>arate from tte 

15 certain embodiments. 

As used herdn, an "environmental fectof or an ^^environmental condition'' is a 
detectable and/or measurable condition (e.g., by a sensor) of the environment within 
and/or assodaled with a reaction site, such as the tenq>erature or pressu^ The&ctoror 
condition may be detected and/or measured within the ruction sitet, and/or at a location 

20 pn)xiinate to the reaction site (e.g.,iQ)stteam or downstream of thereat such 
that the mvhonmental condidon within the reaction site is knovm and/or controlled For 
example, the environmental &ctor may be &e concentration of a gas or a dissolved gas 
within the reaction site or assodated with the reaction site (for example, iq)stream or 
downstream of the reaction site, separated fiom the reaction site by a membrane, etc.). 

25 The gas may be, for example, oxygen, nitrogen, water (Le., the relative humidity), CO2, 
crlheHke, The encvironmenlal&ctor may also be a concentration of a substance in s(^ 
cases. For example, the mv irunmental factor may be an aggregate qaantrty, such as 
molarity, osmolarity, salmity, total ion concentration, pH, color, optical drasity , or the 
like* The concentration inay also be tile concentration of one or more compouiids 

30 pr^ent within the reaction site, for exanqile, an ion concentration such as sodium, 
pota^um, calchmii iron or chloride ions; or a concentration of a biologically active 
contpound, sudi as aproteus, a lipid, or a carbohydrate source (e.g*, a sugar) such as 
glucose, glutamine, pyruvate, apatite, an ammo add or an oligopeptide, a vitamin, a 
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honnone> an enzyme, aproftem, a giowfli jbctoiy a semm, or the like. la some 
embodimetits, the substance witiim I3a& reaction site may include one or more metabolic 
indicators^ jBor example, as -would be found in media, or as produced as a ivaste producte 
fiom cells. Ifcelb are present, the seosor may also be a sensor for determining all 
5 viability, cell density, cell motility, cell difEerentiation, cell production (e.g., of protons, 
Iqnds, small molecule drugs, etc.)> etc* 

Hie environmental factor msy also be a fluid property of a fluid within tiie 
reaction site, such as the pressure, the viscosity, the turbidity, the shear rate, the degree 
ofagitation,or1faefIowtate of the fluid. The fluid may be, for instance, a liquid or a gas. 

10 In one set of embodiments, the environmental &ctar is an electrical state, for example, 
the charge, cutr^ voltage, electric field strength, or xesistivhy or conductivity of die 
fluid or another substance within the reaction site. In one set of embodimCTts, the 
mviromncntal condition is temperature or piessure. In certain ranbodiments, the sensor 
may be aratiomettic sensor, i.e., a ^nsor able to determine a difference or ratio between 

15 two (or more) signals, e.g., a measur^ent and a control signal^ two measurements, etc. 

Ncnrlimiting examples of seams us^ or potentially useful in the context of 
certain dii»:losed devices include dye-based detection systems, aftinity-based detection 
systems, microfabricated gravimetric analyzers, CCD cameras, optical detectors, optic^ 
mioroscopy systems, electrical systems, theimocoiqples and thermistors, pressure sensors, 

20 etc. Those ofordiiiarysldn in the art wiUte able to identify oti^ For 
example, in one set of embodiments, tiie chip may contam a sensor compriabag one or 
more detectable ch^cals responsive to one or more environmental Actors, for example, 
' a dye (ox a conxbmation of dyes), a fluorescent niolecule, etc. One or more (fyes, or 
fluorescent or chromogenic molecules sensitive to a specific environmental condition(s) 

25 m^ be chosen by those ofordinary skill in die art Non-limiting example of such dyes, 
or fluorescent or chromogenic molecules include piEI-sensitive dyes such as phenol red, 
hromothymol blue, dilorophenol red, fluoxescefai, HPTS, 5(6)-carboxy-2',7'- 
dimethoxyfluorescein SNARF, andphmothalem; d^es sensitive to calcium such as Fum- 
2 and Indo-1; dyes sensitive to chloride such as 6-n:ietho}9-N-(3-sulfopropyl)-quinolinim 

30 and lucigenm; dyes sensitive to nitric oxide such as 4-amino-S-metiiylamino-2',7'** 
difluorofluorescein; dyes sen^tive to di^lved oxygen such as tcis(4,4*-dq)henyl-2,2'^ 
bq>ytidine) ruthenium (JS) chloride pentahydrate; dyes sensitive to di^lved CO2; dyes 
sen^tive to &tty adds, such as BODIPY S30-labeled gtyc^^nphngpTinethHTinlflnmifi; iyes 
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sensitive to proteins such as 4-aimno-4'-benzamMostabae-2-2'-disuIfo add 
(sensitive to serum albumin), X-Gal orNBT/BCIP (sensitive to certain enzymes), Tb^ 
from TbCls (sensitive to certain caldum-bindii^ proteins), BODIPY FL pliallacidin 
(sensitive to actin), or BOCILLIN FL (sensitive to certain penicillin-binding protdns); 
5 dyes sensitive to concentration of glucose, lactose or other components, or dyes sensrtive 
to proteases, lactates or other metabolic byproducts, dyes sensitive to protdns, 
antibodies, or other cellular products, such as calcein AM, etliidium bromide, or 
resazurin (sen^ve to viability). 

In one embodiment, the dye or fluorescent molecule m^ be immobilized vn&an 

10 one or more walls within the chip, e.g., within one or more walls defining tiie reaction 
site. M mother embodimoQl, the (fye or fluorescent molecule may b^ 
within a gel positioned ^^dlbin the diip, for example, in fluid communication with the 
reactionsite. In yet another enibodiment, the dye or fluorescent molecule may be 
dissolved in a media, for example, that is passed tiirough the reaction site. Tbedyeor 

15 fluorescent molecule may have a response generally proportional to a value of one or 
more environmental £u:tors and/or otbervariable(s) of intere^ The response msy be 
measured, e*g., as afluorescmt signal, an absorbance signal, a wavelength or fieqoency, 
etc. A reactor and/or reaction site witlun a cUp may be coiq)led to a li^deti^ 
other light intetactingcompQnent(s). For exacople, the light-interacting component in^ 

20 include a detection system vAiete light (e.g^ having apredetmnined wavelength) arising 
fiomadye, afluor^centnu}lecule, etc., may be detected and/or measured 

The sensor can include a colorimetric detection system in some cases, Vfimii may 
be external to the diip, or nu(3t>&bricated into the chip m In one 

embodiment, tiie colonmetcic detection system can be external to the cMp, but qptically 

25 coiQ>led to the reaction site, for example, using fiber optics or other light-^intemcting 
conq)onent$ that may be enibedded in the ch^(e.g., such as those de^^ As 
an example of a colorimetric detection system, if a dye or a fluorescent molecule is u^d, 
the colorimetdc detection system may be able to detect a dhange or shift in the fiequesocy 
and/or intensity of tiie dye or fluorescent molecule inr^ponse to a diange or shift in one 

30 or more environnistrtal&ctorswrlhm a reaction site. As a specific exarq)le, Ocean 
Optics Inc. (Dunedm F.O-) provides fiber optic prob^ and spectrometers for the 
measurement of pH and dissolved oxygen concentratioa 
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In certain embodiments, any one or more of the above-desciibed chips nur^ be 
constructed and arranged such that the chip, or a portion tiiereo^ such as one or more 
reaction sites, is able to respoiidto achangeinan environmeiilal condition "wiQiin or 
assodated\vidi a reaction site, for exanq>le, by use of a control sys Insome cases, 
5 eadi reaction site \vithin the cbq) may be mdepende^ As 
used herein, a ^control system" is a ^stem able to detect and/or measure one or more 
eavironmental fitcbn^ within or assodated with the reaction site, mi cause a response or 
a change in the environmental conditions within or associated witii the reaction site (for 
iimtance, to maintain an CTvironmental condition at a cert^ hi some cases, the 

10 control system may control the envimnmentalfector in realty Therespcmse 
produced by the control system may be based on the envirortmental fector in certain 
cases. Ad "^active" control system, as used herein, is a s^tem able to cause achange in 
an envin>nmental &ctor associated with a ruction site as a direct 
measuronentoflheenvironm^tal condition. The active conliolsy^etn may provide an 

15 agent timt can be delivered, or rdeased £ix)m the reaction, vfbeane the agent is controlled in 
response to a sensor able to deteruiine a condition a^odatedwitiitl^ A 
'^passrve" control system, as used herem, isasjrstem able to maintain or cause a change 
in an ^vironmental condition of tiie reaction site without requiring a measurement of an 
environmerctal &ctor. The passive control system niaycotiLlrol the environnmn^ 

20 wrtiontiie reaction^, but not necessarily in response to a sensor 

The passive control system m^ allow an agent to exEter or exit the reaction site widiout 
active control. For exan^)le, a passive control system inayinchide an oxyg^ membrane, 
a water-permeable membrane, and/or a humidity control membrane as described above, 
yfbero the membrane can maintam tiie oxygen and/or the water vapor content within the 

25 reaction site, for instaiure, within certain predetermined limits. The control system may 
be able coiitrol one or niore conditions widiin or associated 
any lengfli of time, for exanq)le, 1 day, 1 week, 3 0 day^ 60 daj^ 90 days, 1 year, or 
indefinitely in some cases. 

The control system can include a number of control elements, for escample, a 

30 sensor operativelyoomiected to an actuator, and optionally to a processor. Qneormore 
of the camponsasts of the control system may be integrally counectedto tt^ dup 
containing the reaction site, or separate fit)mtiie chip. In some cas^ tiie control system 
includes coniponents tiiat are integral to the dup and otiier comtponents that are separate 
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firomtliechip. Tliecanq^Qnentsixxay bevvhhinorp^ 

tqpstrcam or downstremofllie reaction site. Of coiirse, in some embodiments, Ibe 
« control system may include more than one sensor, proc^sor, and/or actuator, depending 

on the plication and tiie mvironmeootal £actor(s) to be detected, measured, and/or 
5 controlled* One example ofa control system is depicted in Fig. 5, in ^bdch an 

enviionmeootal condition 50 mtiun chip 105, detected by a sensor 52, is transduced into a 
signal 51 limt is transmitted to processor 54 for sdtable process!^ Processor 54 tiien 
produces a signal 53 , ^^cb is sent to actuator 56 v/he^ the signal is converted into a 
response60. In some embodiments, the control system inay be able to produce a very 

1 0 reapid change in lb& environmental &ctor in response to a stimuhis or a change in 
stimulus (for ^canrple, a detectable change in aneirvironmental &ctor such as 
temp eia t u ie or pH in a time of l^s than 5 s, less than 1 s,less&an 100ms,less1han 10 
ms, or less ibm 1 ms)« 

As used herein, a "processor** or a "microprocessor is any component or device 

15 able to receive a signal from one or more sensors, store the signal, and/oar convert&e 
signal into one or mote responses for one or more actuatora, for example, by using a 
mathematical &nnula or an electronic or coniputational circuit hi one embodiment, the 
processor may be an expert system. The signal may be any suitable signal indicative of 
the environmental &ctor detennined by the sensor, for exantple a pneumatic signal, an 

20 electronic ^gnal, anopti(^ signal, amechanical signal, etc. Processor 54 may be any 
device suitable for determining a response to the signal, for emr^k, a mechanical 
device or an electronic device such as an integrated circuit The processor may be 
embedded and integrally connected vn&i the ruction site or chip, or separate from the 
reaction ^ or chip, dependii^ on the applicatioiL Inoneembodim^theproce^oris 

25 programmed with aprocess control algorithm, which <^ for exan^le, take an incoming 
signal ficmi a sensor and convert the signal into a suitaMeou^ni^ Any 

« 

suitable algorilhm(5) may be used wiMi processor 54, for example, a PID control 
, system, a feedback or feedforward system, a fuzzy logi^ TI:^ 

proc^sor may be programmed or otherwise designed to control an environmental 
3 0 condition wiUnn &e reaction site, for example, by manipulation of an actuator. 

For exanqile, in certain embodnn^rts, processor 54 is able to maintnin one or 
more eiwux>nmental conditions (e.g., tenq)eratur6 or pressure) at a constant 
predetermined level within a predetermined reaction site of a chip, for example, to 
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&c!litate a chemi(^ reaction In certain embodiments, processor 54^ 

alter one or more environmenlal conditions vdUm one or more predetermined reaction 

sites of a chq>accoiding to a predetermined pattern^ or in resp^ 

condition; for exampb, the processor may cause the actuator to raise the pH wi£hin a 

5 predeteiminedreactionsiteatacertainrate, the processor may caused 
tfaepH of apredetennined leactian site once a specific tmipeiature or other 
TOvironmental condition has teen reached, or the processor may cause the actuator t^ 
allow or prevent, or increase or decrease, the flow of a substance or an agmt into a 
predetennined reaction site. In some embodinients, processor 54 is able to control 

1 0 ^vocal ^iviroDmental conditions within a predetermined reaction site, for example, at 
least two, three, four, five, six, seven or more conditions, preferably simuhaneously or 
nearly simultaneously depending on the qiplication and the degree of control that is 
desired For exanqile, processor 54 be in communication witii one or more s^iso^ 
and/or one or more actuators. 

15 In certain embodiments, proce^or 54 nmy be piogr am naed or d^gr^cd^ 

maintain one or more aivironmaital conditions wiflrin one or more reaction sit^. For 
example, processor 54 may be programmed or deigned to maintain one or more 
environmental conditions within three reaction sites, within seven reaction sites, witiiin 
ten reaction ^t^ etc. For example, v^i^ there are a plurality ofreaction sites, one 

20 sul:^ of reactions site may be held at one temper atu re, while a differoot subset of 

reaction sites may be held at a drETerentteixqierature. As another exanq^le, one subset of 
reaction sites may have a first com[Knmd added thereto, ij^iile a second subset reaction 
sites niay have a different conq>ourid added thereto Q)mbinatioiisof subsets rnay also 
be used, &t exantple, differ^ subsets having different chemicals, temperatures, or tihe 

25 like. Thus, inarr;' different errvironm^M conditions inay be simt^ 

at diffesrent values witinn one cMp* In some cas^ the pattern of control and monitoring 
ofthe reaction sites nmy be altered in time»ie.« during an experime^ 'nms,for 
instance, two reaction sites that were monitored and/or controlled simultaneously at a 
first point in time may be separately monitored and/or controlled at a second point in 

30 time. The control andmamtoring may be preset, aufomnted, or manually determined. 
In one set of embodiments, processor 54 may be programmed or d^gned to 
maintain conditLons suitable for s u pp o rtin g the metabolism or growtii of a cell (e.g», a 
bacterial or a mammalian cell). For example, processor 54 m^ be able to control one or 
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more of flie tenq^ratoe, relative humidity, pressure, oxygen concentration, CQz 
concentration, serum concentration, nutrient concentration, shear rate, or the pH ^s^dtbin 
the reaction sites of fte chip. OthjCTenvin)nm0ital&ctors suitable for sipporting cell 
grow& are desoibed bdow or previously. 

5 As used herein, an ^actuator^ is a device able to afiect the ^rvironmmt vA&m or 

proximate to one or more reaction sites, or in an inlet or outlet in fluid communication 
vvxtfaoiieQrmorere8ction^tes(e*g.,asindiaDnels n6andll7inF The 
actuator may be separate firom, or integraUy connected to tiic reaction^ For 
exanq>le, in some embodiments, the actuator may include a valve or a puntp ^eluding 

10 microvalv^ and micropumps) able to control, alter, and/or prevent the flow of a 
substance or agent into or out of the reaction site, for example, a chemical solution, a 
buffering solution (e.g., a pH buffering solution), a gas such as 00% or Oz, a nutrient 
solution, a saline solution, an acid, abase, a solution containing a carbon source, a 
nitrogen source, an inhibitor, a promoter, a hormone, a growth &ctor, an iruiucer, etc 

15 The substarice to be transported depend on the specific qi^ In some cases, 

thepumpmaybeextCTialofthecMp. As one exanrple, the actuator may selectively 
open a vah^e that anowsCQz or O2 to enter the reaction site. In other cases, the pump 
may be internal of the ch^. Forexample,thepumpmaybeapi^oelectricpumpQra 
mechanicaUy-activated pump (e.g., activated by pressure, dectricals^^ In 

20 one embodiment, the pump is activated by producing a gas wi&in the chip, which may 
cause fluid flow within the dhip; as examples, the gas may be produced by directing light 
such as laser light at a reactant to start a gas-producing reaction, or tiie gas m^ be 
produced by applying an electric current to a reactant (for instance, an electric current 
may bellied to waterto produce gas). As another exantple, the actuator may include a 

25 puiiqxmg system that can create a fluid connection with a reac^ In 
cme particular example, a dup having a gas-pecmeable sur&ce may be placed in an 
incubator or other enclosed environment, and &e atmosphere within flie incubator or 
other environment may be controlled, thereby controlling the environmental conditions 
within the reaction sites. 

30 As yet another example, the actuator may include a heating element or a cooUng 

element, such as a heat exchanger (e.g., as shown in Fig. 2% aresistiveheater or a Peltier 
cooler. In other enibodunents, the actuator xnay include an electric^ 
electrical system that maintains a steady current, or a steady electric field gradient within 
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tbe reaction ate. In yet another example ^iiere at least two fliddst^ 
reaction site, the actuator may include a valve ox a p^ra^ 

offlowiat^ between the two fluid streams. For instance, the actuator, in response to a 
signal, may act to increase an inl^ flowrate and decr^se an oudet flowrate within the 
5 reaction site. 

In one set of embodiments, the actuator may include an energy source, such as an 
electromagnetic energy source, a heat source, a mechanical energy source, or an 
ultrasound source, iasonie embodiments, the electromagnetic radiation m^ 
wavelengths or frequmcies in the optical or visual range (e.g^ having a waveleogdi of 

10 between abo\3t 400 nm and atbout 700 mn), infiared wavelengths (e.g., having a 

wavelength of between about 300 nm and 700 nm), ultraviolet wavelengths (e*g^ having 
a wavelength ofbetween about 400 nm and about 10 nm), or flie like. In some cases, the 
light may cover a range of ftequendes, for emiq)le, between about 3 5 0 nm and about 
1000 mn, between aboiit 300 nm and aboxjt 500 nm, between about 500 nm ai^ 

15 nm, between about 400 nm and about 700 nm^betwera about 600 nm and 

nm, or between about 500 nm and about 50 nm. In other cases, the light may be 
mtmochromatic ^e., having a single fiequency or a narrow firequem^y distribution), for 
exan^)le, a frequem^ that is commonly produced by comm^cial lasers, or a frequency 
that a fluorescent agent is exdted at Fof exanq>le,the£reqQericymaybeafirequency 

20 that is COTtered around 3 66 nm, 405 nm, 43 6 imi, 546 nm, 578 nm, 457 nm, 488 nm, 5 14 
nm^532nrn,543nm, 594nm,633nm,568nm,or647nm- Ihe monochromatic beam 
ofUghtioay have a narrow distribution of fbequencies. For raample, 90% or 95% of the 
fi:equeQdesmaybewitfain±5nmor±3nmoftheaverageflequm(7. In certain cases, 
the light may be polarized (e.g«, lin^ly or circulariy), or more than one wavelengfli of 

25 Ughtins^ be used, for example, soiaUy or simultaneoi^^ In some embodimCTts, a 
light-interacting component may altra the wavelength of light wiihin the device. 

In certain embodiments, the actimtor niay be constnicted and arr 
selectively kill or deactivate specific cells or types of cells, pxef^^bly witiiout aSectii^ 
nraiby or adjacent cells^ For examplei, the actuator inay include an energy soun» 

3 0 directed substantially at the reaction site, or at an inlet or outlet in fhnd communication 
witii the reaction sit^ on detection of a specific cell or cell ^e by the sensor, the 
actuator may target the cell, for exanq>le, by directing energy at the cell, Trillmg the cell 
or otherwise deactivating it in somefishion (e.g^ by damaging its DNA enough to 
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prevent replication). ITie energy targeted towards the c^HiMy be any en^ 

deactivate the cell» for exanqile, electromagnetic or ioniTnng radiation, nltrasonnd, or heat 

energy. 

In certain embodiments, a dnp may be constrad:ed and ar^ 

5 srvironmental &ctor associated vnSck a reaction site by transportmg an agent able to 
affect Ihe environmental &ator, or a piecnrsor of an agent liiat is able to affect the &ctor» 
into or proximate Hie reaction site ^e., sudi that it affects Ibe environmental &ctor 
within the reaction site). Contcolofthedelivery of the agent (or precursor) to the 
ruction site, in certain instances, may be used to control the environmental &ctor. 

10 In certain embodiments, an environmental &ctorwidiin or as 

reaction sitenaay be altered and/or controlled without directly contacting the reaction site 
to an agent, e.g., an external or unsterilized agent, socfa as a liquid or a gas. FQrexanq>le, 
the reaction site may contain a biological specimen or a substance for iise in a biological 
sefti3ig "vs&ere sterility and/or isolation is required; or the ruction site may contain a 

15 reaction that is sensitive to^ e.g.» liquids or pH changes, for exan^le, a water-sensitive 
reaction v^ch must be performed m a non-humi d enviromnent, vtdiere direct contact 
between the agent and, fb& ruction site would present difficulties. 

In certain ^nbodiments, as discussed abo\^ -Qxe chip may be constructed and 
arranged to aUow an agait to permeate or diffuse into the ruction site For instance, the 

20 reaction site nmy be dejBned, at least in part, by a con]|K)nent such as aw 

the dnp, through \^ch an agmt is able to p^meate. The agent may be able to alter 
and/or control one or more of the environmental &ctors within or humidity control 
membrane (e*g., as described above) or a semipermeable mmbrane (e.g., with r^pect to 
the agent) that the ag^ is able to permeate across. In some cases, the conq>onent may 

25 be chemically or physically inert with respect to the agent In certain instences, a flow of 
agentmay occur on one side of the component In some embodiments, the tiow of agent 
on one side of the con^nent may occur along ameandodng or non-straig^pa&way, 
for example, to iiicrease the time of contact between the agent For 
example, in Fig. 2, if compartment 20 is sei^rated from compartment 42 by a membrane 

30 (not shown) through v^ch an agent is able to permeate, a flow of agent may occur along 
serpendne path 28 L 

In certain embodim^ots, a chemical agent generated elsev^iea:e within the chip 
may be allowed to interact with the reaction site(s) to control the e nv ir on mental &ctor(s) 
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tbereiii, or one or more flmdic pathways may be created (e.g., opened) within the chip 
fhat aUows an agent stored i;vif}un the chip or ex^ 

the reaction site of oth^i^vise affect the reaction site. The agent m^ be easy agent able to 
alter aixd/or control one or more mvironmental&ctors within For 
5 instance, the agent may be a nonrpH-neutial composition or a pH^altering agent as 
previously described. As an example, in Fig. 4A, chip 105 may be constructed to allow 
an agent to permeate and/or diffuse into the reaction^. For instance, the reaction site 
may include a component sudi as a hmnidx^ control material (e,g., as previously 
described), a wall (e.g., a wall of predetermined reaction site 1 12) or one or more layers 

10 of the chip (e.g., xtppcr layer 100), through v/bich an agent is able to pran^le through to 
affect the reaction site. As anolfa^exanqile, the conqionent that the agent is able to 
penetrate in some &shion may include or be defined by a membrane, such as an osmotic 
membrane or a semqiermeable membrane (e.g., semipemieable wi& respect to the agent) 
that Ihe agent is able to permeate across. In some cases, the component may be 

1 5 chanically or physically inert with respect to the agent; for instance, the component may 
allow an acidic or an alkaline confound to permeate across to the reaction site without 
substantiaUydaniagingoraltermgthecon^Kment In c^tain instances, a flow of agent 
may occur on one side of ^component In scnne embodiments, the flow of agent on 
one aide of the coxnponsat may occur along a meandering or non-strai^ pathway, for 

20 €xanq)le, to ina:ease the time of contact betwe^i the agent and the component 

For instance, in certain embodiments, a chip m^ have a predetermined reaction 
site and a permeable iqqper layer. Li this example, a dispensing unit is positioned 
proximate the reaction site such that tiie dispensing unit is able to produce an agent able 
to peaneate towards aid interact with a reaction site wiiliin a d^d^ 

25 example, within a few seconds or tens of seconds, minutes, or hours, depending on the 
qjplicatioiL The dispensing unit may also be connected to one or more chernical 
sources, for example, one or more source of ga^ and/or pH-altering agents. As 
examples, flie source may be an add source and an alkaline source, the sources may 
eadibe add sources or alkaline sources, a source may be a source of cell media, or a 

30 source of glucose or saline, etc 

As one example, if the environmental fiuitor wit^ 
reaction site is pH, then the agent m^ be a pH-alfiedng agent able to be de^ 
transported to or proxiniate&e reaction site to coxxtrol the pH therein. Asusedhereua^a 
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^^-altenng" agent is any ag^ able to alter the pH ofUbs emhomx&atvMmat 
a^odated wtk the reactLcm she, for exantple, an acid, a base, or an agent able to react 
^dthin or proximate the reaction site to form an ac^ In some embodiments, 

the pH-alteting agent is inert relative to the ruction site, and/or other component(s) of 

5 tfaechip. The pH-altering agent may be able to alter the pH of the emaronme^ 

associated with ^reaction site to a significant or a measurable extent, for example, by 
at least 0.1, 0^ 03, 0.4, 0 J, 0.8, 1, 2, or 3 or more pH units, depending on flie required 
sensitivity and die apedficqjplication. The required pH sensitivity can be readily 
detennined by tiu)se of ordinary skill in the art For example, a chemical process that 

10 requires a change in pH to initiate a reaction may leqinre large pH chaises, yfbSle a 
process to regulate the pH of the reaction site near an opthnum value n^ 
sensttrvily to smaller change hi pBL 

As used herein, **acid^ is given its ordinary definition as used in chaidstry. An 
add may have a pH of less than abom 6.99, 1^ than 5, lei» than 4, le^ than 3, or 1^ 

15 than 2 pHunhs, depending on the strength of the acid Similarly, a **base," or an 
"alkaline** is gh^ its ordiiiary definition as u^ Abaseor 
alkaline may have a pH of at least about 7.01 , at least about 8, at least about 9, at least 
about 11, or at least about 12 pH units. A "nonHneutral** or a **non-pH-neutral'' 
coniposition is a conQ)ositiQn that is either addic or basic ^e., the composition has a pH 

20 that is either greater than or less than 7, preferably by a sigoificant amount, such as by at 
lea^ 1 or 2 pHimits). Thenon-pH-neutral compositionmay be asolid, a liquid, or a gas 
insomecases. As used herein, a ^gaseous^ acid or base is a composition that is in the 
gas phase, or is generaUy volatile (Le., having a Mg^ vapor pressurc and easily enters 
thegasphase. For exainple, the gaseous acid or base nmy have a vq>or pressure of at 

25 least about 300 romHg, at least about 400 mmHg, at least about 500 mmHg, at least 
about 600 mmHg^ or at least about 700 mmHg. Nonrlimitingexanq)les of gaseous adds 
mclude acetic add, formic add, propionic add, pyruvic add, lactic add, SO2, CQ2, CO, 
NQ2» or butyric add; nonrlimiting examples of gaseous bases include ammonia, 
phosphine,orarsme. 

30 Jn some embodiments, the environmental &ctor vdthin the ruction site may be 

altered by generating one or more agents mthinthe chip, fi>r ^sample, from one or more 
precursors. The agent(s)nmy interact mth, or alter in sonie\vay, an e 
fictor\vithin the reaction site. In one embodiment, the agent may be generfltfld witTitn 
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the reaction site. In another em1x>diment,tibeage3it^ 

^cMp and lianspoxted to the reactions^ For 
example, the chemi cal agent may be pEroduced and/or stored within a differestxt 
com^xarttnent associated with or external of the chip (e.g., as in a reservoir), then 
5 transported to the reaction site, for mstance^ through a channel or other fluidic 
connection, or l3y aUowing it to permit ox diffose across a membrane or another 
craqKinenL In one rabodinieat, the agent nmy be generated m a location proximate the 
reaction site, e.g., the agent may be generated in a location i^iexe it can be readily 
traiisferred or traiisported to the reaction site, for exai^ 

10 ofseconds. another embodimetKt,tiie agent may be a gas that is transported to ^ 
reaction site, for ex^ple, through a membrane, or over a barrier that prevents liquid 
communication between the compartment and the reaction site, while non-^gaseous 
products may be prevented from entering the reaction site. In certain embodiments, the 
reaction oftheprecursQr(s)t[iat produces the agent may be externaUyin^^ For 

1 S example, a light source, such as a laser, may be qyplied to the precursor(s)3 or oth^ 
ener^ sources such as electrical cuirent or heatroay be used to mitiate a reaction of the 
precuisor(s). In yet anotiierembodimesit, a fluidic connection may be created betwe^ 
the compartment and the reaction site, for esanq)le,reve3:^ For instance, the fluidic 
connection may be created by opemng a valve such as a mechanical valve or a 

20 micromechanical valve, etc. separating the compaxtm en t and the reaction site. 

In some cases, additional con^pounds may be combined with the precursor(s) to, 
for exanq>le, preserve the precursor<s) aganist decomposition or degradation, to enhance 
the ability of flie precursor(s) to react (e.g., a catalyst or an eozymeX or to ei^^ 
absorption of indd^ energy onto tbe precursor(s), for instance, to increase the reaction 

25 rate oftheprecarsor(s) to form an agent In some embodiments, a noateiial that is able to 
absorb of incident electromagnetic radiation, such as a darkened or *%lacl{f material, may 
be added to ftepFecursor(s), for exanq)le, to enhance the absorption of en^^ Non- 
limiting examples of such materials mcludc quartz, black glass, silicon, black sand, 
carbon black, and Ifae like. Ilie additional conq)ounds may be substantially unreactive, 

30 unable to form a transportable agent ^e., transportable through a layer or a component 
of the chip), or the additional compounds msy not significantly interf^ witii tihe 
prodoction of the agent or witii control of an environmmtal &ctor associated witii the 
ruction site. 
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The agexit, in certain embodimeot^ 
activated at a certain temperature, such as in a thermal deconrposition or degradation 
reaction. la some cases, fhe reaction to produced the agrat may be initiated ^^imlh^ 
yrecmsGtis) is exposed to at least a certain temi^roture able to activate tiie reaction, for 
5 exanrple^ a temperature of at least about 200 "X:, 300 400 or 500 The 

t e inper aiu re necessary to activate the reaction may be produced within tiie precursor(s) 
by any suitable technique, for exan^le, upon the e3q>osure of light mo-gy, heat, elecliical 
energy (e«g., resistive heating), an exothermic chemical reaction, or the like to the 
precuisor(s). 

1 0 In some embodnneats, the agent so produced may be a gas, for example, Oj, CO, 

C02,NO,N02»HCl,arthelike, In some cases, the agent-producmg reaction may 
produce one or more gases and/or one or more non-gaseous products. In some cases, the 
gaseous agent(s) may tiieu be transported into or proxunate the ruction site (for 
example, through a n[iembrane or over a barrier), while non-gaseous products (such as 

15 liquids or solids) may be prevented fix)m entering die reaction site in somefasMoa 

Hie ag^ in certain cases, m^ be a pH-alt^ing agent In some cas^ tiie pH- 
alteringagentmaybe abase, such as ammonia. The base may be generated by airjr 
suitable r^u:tion tiiat can gen^;8te an alkaline agent, such as through a thermal 
decon^osition reaction of an alkaline precursor salt. For eimnple, ammonia may be 

20 generated tiirough the thermal decomposition of an ammonium precursor salt such as 
ammonium nitrate, ammonium carbonate, ammonium bicarbonate, ammonium cfaloiidei, 
ammonium bromide, ammonium fluoride, or the like. In other cases, the pH-altering 
agent may be an add, sudi as acetic add or formic add. The add may be generated 
using any suitable reaction tiiat can generate an addic agent, such as the thermal 

25 decomposition of an add precursor salt For instance, acetic add may be produced by 
Ihe thermal decontiposition of sodium acetate, potassium acetate, caldum acetate, lithium 
acetate, magne^hmoL acetate, or the like. Similarly, formic add may be produced by the 
th^mal decomposition of sodium formate, potassium formate, caldum formate, lithium 
fimnate, magnesium formate, etc. In some cases, the pH-altedng agent m^ not be an 

30 add or a base, but be in a fonn that can be converted into an add or a base wi 

dup or widim a reaction site. For example, tiie pH-altering agent noi^ react with water 
to fonnanadd or a base within tiie chip or reaction site. As anon-^luniting example, a 
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gas such as CO2 may react "With \va^ 

CO2 + H2O <^ H2CO3 <-> H*' + B.CO3'. 

In yet another set of Qtnbodiments, tbe agent may be present in a conqiartment * 
not in fluid communication witb the reaction she; vAiea ^q>osure of the agent to the 

5 reaction site is desired in order to alter or control an environment &ctor therdn is 
desired, a flmdic pafh^^ may be created to liable the agen^ 
interact "wrtlx the reaction site. Forexample,aQ:eatedfliddicpathwE^znaybeanew 
pafiiw^, a non-preexisting pathway, or a patirway created in a region that did mt 
previously contain aflmdicpafliway; or the created fluidic pathway may be created in a 

1 0 region diat previously contained a fluidic pathway that has been altered to prevent fluidic 
coinmnni(^on- In some cases, a new paihwayinay be crated within the chip by 
removing or damaging a component of flie cfa^^ such as a layer;, a membrane a wall 
defining a reaction site or a channel in fluidic communication with the reaction site, etc. 
As anothCT exan^le, the fluidic pathway may be a closed, pre-existing fluidic pathway 

15 tiiat can be opened and/or modified under certain conditions, for instance, a valve or a 
switch. JjA oiie embodiment, tiie compartment is a sealed compartment, e.g., a 
compartment without access to the external envixonmoit and/or ha 
anotiier embodiment, tiie conqsartoaent is accessible externally 0.e., through an inlet or 
an outiet), but is not m fluid communication with die reaction site. 

20 Certain disclosed chips may include one or more fluid pathways for delivery of 

species or removal ofspedes from a reaction site. In some cases, a fluidic pathway can 
be created in situ (after construction of &e chip, during chip setup and/or during use of 
the chip) by permeaibili^ng or ifmffflgfng a component separating the compartment fiom 
the reaction site (e.g.» as in a wall or a membrane), or separate the conq^artment fiom a 

25 fluidic pathway iiL fluid commmncationwitii the reaction site. For instance, in certain 
embodiments of the invention, flie fluidic pathway or other means for fluidic 
coromuniration may be created by permeabilizhig and/ or damaging (reversibly or 
inever^ly) a conq)onent that separates the conip a i tme nt contaimng the agent (and/or « 
agent precursor(s)) from fluidic communication with the reaction site, or separates tiie 

30 comi^rtment fix)m a channel or other fluidic pathway in fluid communication with the 
reaction sit^ tims exiling a fluidic connection between the compartmetit aM 
leactionsitB. For exanq;>le, the conq)onentxnay be penneabilized by heating 
conqKment to increase the permeability of the chemical agent or by causing the 
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componcnt to melt or vaporize. In some cases, fhe p^meabiHty of fhe conipoiiezi^ 
be enhanced by one, two^ or tiiree or more orders of magnitnde. In certoin cases, fhe 
petmeabilization of the component may be reversible or at least partially reversible, &sr 
example, by decreasing the temperature, or introducing a non-permeahiliang agent 

5 The componaat, in some cases, may also be damaged or othmvise altered or 

pexmeabilized through a reaction, for emo^le, a chemical or electiochemical reaction, to 
produce a fluidic coimection with the reaction site. For example, the component may 
inclnde ametal, such as gold, silver or copper, that can be electrolyzed iqpon the 
Eq^plicationofa suitable electrical current As yet anothi^ example, the component may 

10 be chemically etched, for example, \vidi a reactive spedes. 

In certain embodiments, the component as discussed above may be mechanically 
altered and/or danctaged, for example, by piercing the conrponent with a microneedle to 
create a fluidic padrwaybetwem the coiiipartment and ^reaction site. The 
microneedle or other mechanical device may originste from within the chip, or 

15 externally. In one embodiment, fteconq^onentin^ be altered on a reversibte 

example, liie cornponent may be self-sealing and/or comprised an elastomeric sui^tance 
tiiatcanberesealed 

The coxzq)on^may also be damaged wiQiout tihense of mechanical forces or 
chemicals in some cases. For exanq)le, energy may be applied to the sur&ce to damage 

20 it In some embodiments, the component nmy be ablated, for example, usu^ 
light If Uglit is used, the Ugbt may be channeled through a wavegm 
some cases, or light may be ^lied directly to the sur&ce. 

The component may include amaterial able to enhance the creation of the fluidic 
pathway in some anbodiments. Asexanq)les,theaihancinginaterialmay&cilitatethe 

25 absorption of light or other forms of energy, or increase the chemical reaction or 

transport rate. For instance, in oiieembodim^t, the conq>onentinay comprise a nm^^ 
that is able to absorb incident electromagnetic radiation* Le«, a darkened or ^lackf" 
material, such as quartz^ blade glass, siUcon,b^^ As 
other exan^les, the component may include a catalyst, an enzyme, or a permeation 

30 enhancer, 

TliepT^ently disclosed chips nmyiriclude a varied For 
example, a chip may include components such as a light source, a flowmeter (e.g., for 
measuring fluid flow of a gas or a liqpncQ, a drcuit suc^ 



wo 2005/120698 



PCTAJS200S/019914 



reservoir (e^g*, far a solution), a miCTomechanical or a MEMS C^croelectromechaDical 
systan'O compoiiCTt, anricrovalve, amicropiniq), or the like, for example, as furfher 
described below* ThecoiKq)ozi0ntsmybeMdcatedonthe^c^^ 
as those used in standard micro&brication, sunflar to those used to create semiconductors 

5 (See Madou Fundamentals ofMcrofabricatioTty CRC Press, Boca Raton, FL 1997; and 
Malu^ An Introduction of Mlcromechanical Systems Engineering, Artedi Hbixse Boston, 
MA2000). In some emlK>diments,al least one, two, three or jnorecoxi^ 
integrally connected to tbecbq). In certain embodiments, all ofthe components are 
integrally connected to Urn cbq>. 

10 Other example of cpniqponents suitable for use widi the invention include pylon- 

like obstructions placed in the flow pafli of a str^m to enhance mixing within the chq), 
reactor and/or reaction site, or heating, separation, and/or dispersion units within the 
chip, reactor and/or reaction site. For exan^>le, if a heating unit is i»:eseiit, the headng 
unit may be a miniaturized, traditional heat exchanger. 

15 For instance, m one set of embodiments, the presentiy disclosed cbvices may 

include a membrane, such as a membrane tiiat may control humidity (e.g«, as previously 
' d^cribed) and/or be substantiaUy transparent Ifa membrane is present, it inay be 
posrtioxied anywhere in a reactor within a chq>. In certain embodiinents, the membrane 
is positioned such tiiat it defines the sur&ce of one or more reaction sites and/or divides a 

20 reaction rite mto two or more portions, which portions may have the same or diSerent 
dimensions. Forexaniple,inFig.7A,menibrane410,vMchmaybeahinindify 
conlroUer and/or be substantiaUytraxispar^ defines a sur&ce of reacti In 
Fig. 7B, membrane 410 define the sm&ce of reaction site 41 1 and a sur&ce of reaction 
site 412, As anoth^emi^le, the membrane can be positioned such that it is in ft^ 

25 comnrunicationwitii one or niore ruction sites of the chip* In some cases, the 

m^nhrane may be positioned such that a pathway fluidly connecting a fi:^ reaction site 
with a second reaction site <arossestiieni^brane. In another embodim^tiie 
membrane cm be positioned such that it is in fluidic communication with one or moie 
reaction sites ofthe chip. Insomecas^tiiemmbraiiemaybeporitiotiedsuchtbata 

30 pathway fluidly conuecting a first reaction site with a s^Mmd reaction site cross^ the 
membranje. For e^rample, in Fi^7C and 7D,inemfaiane 410 does not define surface of 
reaction sites 41 1 or 412, but is positioned such that at least one pathway fluidly 
connecting reaction sdte 411 whh reaction site 412 crones membrane 410. 
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As otie exanq)le, in one embodimenl^ tiie membrane may be a poious meoihraxLe 
having, &r example, ^ number-average pore size of greater than about 0 .03 micrometers 
andle^tlianaboiitSmicrometers* Li other enibodiments, lixe pore size of the membrane 
may be less than alx)iit 4 micxomet^, less than abottt 3 naiorometers, 1^ tban about 2 

5 micrometers, less than about 1.5 micrometers, less than about 1.0 micrometers, less than 
about 0.75 micrometers, less than about 0.6 micromet^ less than about 0.5 
micrometers, less than about 0.4 micrometers, le^ than about 0.3 microm^escs, 1^ than 
about 0.1 micronaeters, less than about 0.07 micrometers, and in other embodiments, less 
&an about 0.05 miatnneters. In certain cases, the poi^ ate also greater than 0.03 

10 micrometers or grater than 0.08 inictometers. In some cases, the membrane may be 
chosen to prevent ^passage of certain cells Aere through (e.g., bactedal cells, yeast 
cells, mammalian cells, etc.). For example, a membrane a pore size of about 02 
microzmters may prevent fbs passage of bacteria cells, and a membrane wi& a pore size 
of a bout ImiorometerrnayinxveDt the passage of niaminalianc^ Ixicertain 

1 5 embodiments, a membrane may be diosen to prevent or permit the parage of certain 
molecule e.g., micromolecules, having a ceztain size and/or charge Le., a charge and/or 
size selective memlnane. 

A membrane, y/bsn configured as a humidity controller, may be constructed of 
materials described previously. !h tiese, as discussed previously, or otiier embodiment 

20 a membrane m^ include polymers or other materials such as polyethylene texeph&alate 
(PEI), poiysulfone, polycarbonate, acrylics such as polymethyl melhacrylate, 
polyethylene, polypropylene, regenerated cellulose, nitrocellulose, aluminum oxide, 
glass, fiberglass, and &e}il». certain embodiments, a membrane zna^ also be 
substantiallytranaparent,e.g., as previously des(^ed. IhoneemlxKiim^foremnple, 

25 a membrane is a substantially transfparent polyethylene terephthalate membrane havuig a 
pore size of 2 micrometers or less, for exan^le, a ROTRAC® capSlsry membtane made 
by Oxyphil U.S A., Inc. ONew York, NY). 

In one set of embodiments, a cfay may include a staiictme adapted tg fedlifate fee 
resurtions or interactions tiiat are intended to take place dierein (e.g., vn&m a reaction 

30 site). Fore2canrple,\diereacMpisinlended tofimctionasoneoxm^ 

cell cultoring, the chip may include structures) able to improve or promote cell growth. 
For instance, in some cases, a sur&ce of a reaction site m^ be a sur&ce able to promote 
cell binding or adhesion, or the reactor and/or reaction site wi&in the chip may include a 
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Structure limt includes a cell adhesion layer, vMck may include any of a ^de variely of 
hydrppbilic, cytqphilic, and/or biophilic materials. Asexamples^thesud^maybe 
ionized, coated (e.g., "wUh a siq^rt material) and/or micxopattemed with any of a wide 
variety of hydrophilic, cytophilic, and/or biophilic materials, for example, materials 
tmving ^q>osed catboxylic add, alcohol, and/or amino groups. Examples of materials 
that may be suitable for a cell adhe^on l^er include, but are not limited to, 
polyfluoroorgamc materials, polyester, PDMS, polycarbonate, polystyrene, and 
aluminum oxide. As another exan^k, the structure may inchide a kyer coated \vi^ 
material that promotes cell adhesion^ for example, an RGD peptide sequ^ce, OTtfae 
structimm^betj^atedinsuchaw^tfaatitisabletopromot^ for 
exaixq)le, the sur&ce may be treated such that the sur&ce become r^ 
hydropbiIic,cytophilic and/or biophilic. Insomeembodimmts,itmaybedesuedto 
modify the sur&ce of a cell adhesion layer, for instance with materials that promote cell 
adhraion, for example, by attachment, binding, soaldng or other treatments. Example 
materials that promote cell adhesion include, but are iK>t limited to, fihronectin, laminin, 
albumin or collagen. £a other embodiments, for example, \^dxexe certain types of bacte^ 
or andiorage-indepmd^t cells are used, the sur&(^ may be &rmed out of a 
hydrophobic, cytophobic, and/or biqphohic material^ or the sur&ce may be treated m 
some fashion to make it more hydrophobic, cytophobic, and/or biophobic, for exan:q>le, 
by using aliphatic hydrocarbons and/or fluorocarbons. 

In some embodiments, the chip may include a ^ght-interacting conxponerrt," i.e., 
a conq)oneat that interacts vfiSi light, for exanq)le, by producing light, reactmg to ligh^ 
(^usingadiangeinapn)p^tyofU^dnectmgUgbt,alter^ Asusedherein, 
a^ght*-interactmg componenf is a component that uderacts with light in some &shion 
related to chq) and/or reactor function, for example, by producn^ light, reacting to light, 
causing a change in a property of light, dhecting light, altering lig^ etc, , in a manner 
that affects a sample within a chip or reactor and/or determines something about ihc 
san^le (the presence ofthe sample, a charactmstic of &esanq)le,elc.)^ In one 
embodim^ the cotnponent produces light, such as in a Hgh^^ C'LED'Oor 
alaser. Inanotb^e(nibodimeat,fheUg^»intem:tm^ 

that is sensittve to li^ or responds to light, such as aphotodetector or a photovoltaic 

cell In yet another embodknent, the fight-iirteractixigcom^ 

alter light in some £3sMon, for example, by &cuai^ orcolliniatmgHgfat,or(»insmglight 
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to diverge^ such as in a lens, or spectrally disposing light, such as in a difiSaction grating 
oraprisnu In another embodiment, the Ught-interactingcom^ 
transmit or redirect the direction of light in some feshion, such as along a h&at path or 
aromdaconier,foexaiitpl6,asina\ravegaideorinirror. In yet another ^bodiment, 
the light-interacting component may alter a property of li^ incident on the ccmponiSBt, 
sack as the d^ree of polarization or the frequency, for exanq^le, as in a polarizscr or an 
interfox>meter. Other devices, or combinations of devices, are also jKJssible. Ihgen^Bl, 
the texm 'Hight-interacting component^ do^ not encompass coniponents or devices that 
passively transmit li^ without significant modification, alteration, or redirection, such 
as air, or aplane of glass or plastic (e.g., a "window^. The term "light-interacting 
componentf also does not generally encompass components that pas^veiy absorb 
essentially all incident light without a response, such as would be found in an opaque 
materiaL 

In embodiment in yMch a light-interacting componmt is provided hi 
conjunction with a reactor or chq>, it may be positioned any\^diere on or within the 
reactor or chip. For exanq)le,tiieUght-interactmgcon^nentrnay be placed withmCT 
adjacent to a reaction site. In some cases, the Ught-interacting componcaot is integrally 
connected with the reaction site, for exatnple, as a wall or a surfi^ 

As another example, the li^t-int^acting conqponent may be positioned 
elsevdiere in, or integrally connected to, a chip as di^ 

IK>rtion of light entedng tihe lightrinteractmg conqK>n^ is in optical communication 
wrtfi the reaction site. As herdn, the term ''optical conmumication'' genera^ 
to aiQ^ pathway that provides for the transport of electromagnetic radiation, such ^ 
visible ligJiL Optical commiTnication includes dnect, "lineof-sightf' commiTnicatioiL 
Optical communication may also be &dlitated, for exanxple, by the use of optical 
devices such as lens^ filters, optical fiber, waveguides, dif&action gratings, mirrors, 
beanisplitters, prisms, and the hke. In some embodiments, the light-interacting 
conqKment may direct light to or fix>m more than one reaction site, or the lights 
irtteracttQg component rnay direct fitmi mor^ 

In certain embodiments, more than one light-interacting conqponent may be present 

TheH^-interactingconqKm^xmQrindudeawave Ihe 
tem '^vaveguide^*' as used h^ein, is given its ordma^ 

include optic^fib^. A waveguide is generally able to receive light axid guide or 
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transmit aportion of tiiat li^ to a destination not within "line-of-sightf comrmmication 
(although a waveguide can transmit light to a line-of-sigjht region), e,g^ around bends, 
comers^ and sitnilar obstacles witfaout substantial losses. 

itt some embodinifints, a waveguide may include a "core" region of material 
embedded or surrounded, at least in part by a second "cladding*" material, which may 
have a lowCT refractive index. TliecoreniayIiaveanydh^forexanDple,aslab,as^ 
or a cylinder of mateciaL 

TTie waveguide, or at least a portion of the waveguide, may be feshioned out of 
anyniaterialabletotraismitorUgJrttoorftomlixBrea^ The waveguide m^ be 
substantiafly transparent, or translucent in some cases* bi some embodiments, the 
waveguide may be formed out of a silicozjhbased mfitrng^ for example, glass, ioit- 
implanted glass, quartz, silicon, silicon oxide, silicon nttride, silicon cariride^ polysilicon, 
coated glass, conductive gla^, indium-tin-oxide glass and the lilo^ Inoflier 
^bodiments, the waveguide m^ compise other transparent or translucent organic or 
inorganic materials. For example^ in certain emhoriimgntg^ t^g wffvegnide may comprise 
a polymer including, but not limited to, polyacrylate^ polymethacrylate, polycarbonate, 
polystyrene, polypropylene, polyethylene, polyimide, polyvinylidene fluoride, an ion- 
exchanged polymer, and fluorinated derivative of the above. Combinations, blends, or 
copolymers are also possible. 

in. certain embodiments^ lixe waveguide or a portion tiiisreof m^ be surrounded 
by or coated with a reflective material, fi)rexan[q>le,aU[ver or d In 
another embodiment, the waveguide may be fiishioned such that it comprises a central 
material (e.g., a core) having a first index of refraction, and a surrounding ms^f^^] (e.g.^ 
a cladding) having a serondind^ of refractioiL The cladding m^ have an index of 
refraction that is less flmfte index ofreftaction of Ifae central 11^^ Inyetanofli^ 
embodiment, the index of refi^:tian of the core or flie dadding may vary over the cross 
section. As one example, the core may be a graded index optical fiber, 
of refraction is generally Mg^i^ near the center of Ifae core. 

Under these conditions, a substantial portion of the H ght traveling through tiie 
central material m^ be mtemally reflected (*1otaI internal reflection*^ as aresult of this 
refractive index dif^rence. Ifflectroinagnetic radiation ratering one aid of the waveguide 
m^ be coirBned to the central region due to the phenomOTon of total internal reflection 
at the core-cladding boundary. The Eghtm^te transported through the core, without 
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significant absQiptiQa by the cladding material or other sutrounding materials, until it 
reaches the end of the waveguide, or a predetermined region of the waveguide ttiat Kght 
is allowed to exit from. light liaveling through the central material m^ 
around comers and other obstacles without a significant loss of intensity^, for example, 
5 with an attentiafion coefScient of less than about 10 db/cm or 20 db/cm. InanoHier 
embodiment, the waveguide may have more than one central matfirial or more than one 
surrounding material. 

As one exanoqple of a waveguide, both ihB central and sutroundmg mqteriflljg 
fi>nning the waveguide m^eadi be a glass. As anoliier example, awaveguide may be 

1 0 £3nned out of a polymer and a silicon-based material, such that the material with the 
lower index ofrefiaction surrounds the material witiilbeM^^ As 
yet anoth^ example, the waveguide may be constructed out of a single m^f^'fli 
surrounded by, for example, air or a portion of tiie chip having a higher index of 
rcfiaction than the waveguide, thus resulting in a condition ^ere total internal reflecti on 

IS msy occur at the wavegdde/air or wavegoide/dnp int^&ce. 

Tlie waveguide may be constructed by any suitable technique known to those of 
ordinary skill in the art, for exanq)le, by milling, ^r^Am^^ nr manHimng (e.g^ by cutting 
or etching a diannel into a chip substrate, tiien depositing material into the channel, 
optionally usbg a sealant). The waveguide may also be formed, for exan^le, by 

20 depositing layers ofniaterials during tiie chip Mrication process Thedepodted 
material, in some ^ses, can have a higher index of refraction than the surioimding 
substrate, thus fornoing a g^ieial coreK^ladding struclure, as previo^^ Ihe 
waveguide may also be constructedby laser etching of materials forming the chip, such 
as glass or plastic, in soch a way as to xnanq)ulateMter the refiB^^ 

25 tii^ surrounding material In some cases, the refiractive index of the etched/nonretched 
portion may be controlled so as to create a core-dadding structure. 

In some embodiments, the li^-interacting component may be, or include, a 
source of light The lig^ source m£^ be any Hghtsoxirce in optical conmmnicati<^ 
the reaction site. For exanq)le, the light source may be external wamMent light; a 

30 coherent or monocbnjpiatic beam ofhg^sudi as created in an I^,^ 

semicoiiductorla^ or a quantum well laser. The light source niay be integrally 
connected with a portion of the chip, for example, in a laser diode &bri(^ted as of 
the or the light source niay be separate fiom the ch^ and no^ 
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With it, but stai positioned so as to alio w optical conmninication with the reaction site* 
The light source may produce a single wavelength or a substantially monochromatic 
wavdengfh, or a wide range ofwavelengfl^ as previously d^cnT^ Ihesourceof 
Ught, m certain embodimraxts, may also be aerated in a chemi^ 
biological process, sudi as a cfamucal reaction that produces photons, for example, a 
reaction involving GIT ("green fluorescence pn>^*0 or lucif erase, or through 
fluorescence or phosphor^cence* For example, mcident electrons, electric^ current, 
fiiction, heat chonical or biological reactions may be qjplied to generate li^ fixr 
example, within a sample located within a reaction site, or from a reaction ceaiter located 
vridiin the cMp in optical communicatton with the reaction site. 

In certain c^is^ the light-interacting com^neait may include a filter, for 
raanqile, a low pass filt^, a high imss filter, a notch filter, a spatial filter, a wavelength- 
selecting filter, or the like. The filter m^ be able to, for example, suhstantially reduce or 
eliminate a portion of the inddent light For exanq>le, tiie filter may eliminate or 
substantiaHy reduce light having a wavelengfli below about 350 mn or greater flian about 
1000 nm. hianotherembodiment, the filter m£7 be able to reduce noise within the 
inddent Kght, or increase the signal-to-noise ratio of the inridratH In still another 
embodiment, the filt^ may be able to polariase the inddent li^ for example, linearly or 
drcularly. 

In some embodiments, the light-intsacting component may include an optical 
element in optical conunimication wifti tiie reaction site. As used herein, an "optical 
elemeuT refers to any element or device able to alter the patixway of light entering or 
exiting the optical element, for exanqile, by focusing or collimating the or (fusing 
the light to diverge. For exaii^le, the optical element niay focus the inddent ligjit to a 
single point or a small region, or the optical dement may collnnate or redkect divergent 
beamsofli^tofotmaimalleiorconvergii^beanisoflighL ThBtemi**focus" 
generally refers to the ability to cause rays of li^ to converge to a point or a small 
region- The tenn"colliniate"g«eraUy refers to the ability to 
of raj^ of light, not necessarily to a point or a small region, for example, such that the 
beam focuses at an infinite distance. As one example, diverging beams oflight may be 
colhmated into parallel beams of light In certain emlxidiments, the opticdelemez^ 
disperse or (^useU^t to diverge, for exanq>le, as in a div^gingl^ Ihotiier 
embodiments, the optical element may be, for exan^le, a l^msplitter, an optical coating 
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(e*g.9 a diofaroic, an anlirefleative, or a reflective coating), an optiral gradng, a diffiaction 
gratings or the like. 

In oxie set ofembcKlimeirts,&e optical element nmy be a 1^ Thelensnmybe 
any leas, such as a convra:gmg or a diverging^ The lens m^be»£»r example, a 

5 menisci^ a plano-convex lens, aplano^ncave lens, a double convex leiis, a double 
concave lens, a Fresnel a spherical 1^, an asph^c lens, a bktaiy lens, or the like. 
The optical element may also be a mirror, such as a planar ntiirror, a curved mirror, a 
imrabolic mirror, or tbe like, hi other ^bodiments,tiie optica el^ent may cause light 
to disperse, for example, as in a diffiaction grating or a prism. 

10 In certain cas^ a material having a di£rer^ index of refiacti^ 

For example, in CTibodim^xts in which l^it reaches tiie optical element through a 
wavegoide, the optical elmient may be a material having a different index of re&action 
than the waveguide, hi some cases, the index ofre&actionofttm optical element will be 
about HiQ same as or more than the index of refraction of the waveguide. 

15 In some cases, a matraal having a graded index of refiraction (a "GRIhT material) 

m^ be used as an optical element The GRIN material may minimize the amount of 
divergence inhs^ in fig^re^hing the GRIN material For example, a material of 
uniform tiuckness can be made to act as a lens by mying its refractive index along a 
cross section of the element In one embodiment, the GRIN material may redirect 

20 divergent r^s of Ught into apaiallelarrangetnenL In another embodiment, the GRIN 
nsiaterial does not necessarily have a uniform tiuckness, and a combination of the graded 
iadsK of re&actionof the material and the sh^e of the material may be used to focus or 
coUimate the light 

The light-interacting conq)onent, in some embodimenls, may include a 

25 component tiiat is able to convert light to electricity, such as a photosensor or 
idiotodetector, a photomultiplier, a photocell, a photodiode such as an avalanche 
photodiode, aphotodiode array, a CCD chip Ccharge-coqpled device^ or the like. The 
conqwnent may be used, in some cases, to determine the state or condition of a suI^Ftance 
witiiinareaction site, &r example, tiirough mission including fluor^cence or 

30 phosphorescence), absc»:bance, scattering, optical dendQr, polarization noeasutem^nts, or 
other measurements, including using the human eye. 
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la certain cas^ die lig^-interacdng component may be used for itnagmg 
purposes, fijr example, to image a portion of a cefl or oflber material located at or near the 
reaction site, or to detexmiiie i^elher a ceU has adhored to a surfed 
In sonie cases, the ligjrt-intsracting comi^ 
5 electricity. Inoneembodim^aphotoceUm^beiategraUyMnicated\vif^ 
using one or more layers conxpiising semiconductor materials. 

In some embodiments, light may be directed to the reaction site^ far example, to 
activate or inhibit a ch^cal reaction. For exaniple, a ruction may require the use of 
for activation, or a light-sensitive enzyme may be inhibited by flying lig^ to the 
10 eoi^e. In certain embodim^rts, light directed to the re^ 

probe or a signal source. The light may delivered in a controlled niarmer to flie 
reaction site in certain embodiments, for example, so that the light reaching the reaction 
site has a spedfic wavelength, polarization, or int^isity. 

In some embodiments, a pcntion of the light arisuig £x)m tiie reaction site may be 
15 detected and analyzed. The Ug^ arismgjQxmi the reaction site may be reflected 

refracted Uglxt, for exarxqile, light directed to the reaction as previously d^cribed, or the 
light may be produced tiirough plr^cal means, for exanq>le, through fluorescmce or 
phosphor^cence. In certain embodimmls,tiieligJitniay be geneiatedwit^ 
reaction site, as previously dumbed. Light firom the reaction site may be analyzed 
20 usiag any suitable analytical technique, for example, infiared spectroscopy, FTIR 
CTourier Transform lofrared Spectroscopy^, Raman sjwtroscopy, abswption 
spectroscopy, fluorescence spectroscopy, optical density, circular didm)ism, light 
scatterii^, polarimetty, re&actometty, turbidity measurements, quasielectric light 
scattering, or any other sui^le techniques. In another embodimoat, imaging of the 
25 reaction site may be performed, for example udng optical imaging, or infiared imaging. 
In some embodiments, a reactor and/or a reaction site within a chip may be 
cotistructedardarrariged to Tuaintain an environment tha^ 

more types of living cells, for exanrple, simultaneously. In some cases, the reaction site 
may provided with fluid flow, oxygen, nutrient distribution, etc., conditions tiiat are 
30 shnilar to tiiosefouxid in Uving tissue, for exan:q)le, tissue that ^ 

Thus, the dnp may be able to provide conditions that are closer to in vivo than those 
provided by batch culture systems. In raibodiments where one or more cells are used in 
the reaction site, llie cdls niay be ai^r ceU or ceU type, for mstance ap^ 
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»±aiyo1ic celL For exanq)le, die ceU nmy be a bacteritnn or other singles 
apIaitfcell,anmsect(^U,afixngiceUoran If tiie cell is a single-cell 

oj^anism, tiien the cell be, for Bxan5)le, a protozoanj^ a trypanoa)me5 an amoeba^ a 
yeast cell, algae, ete. If the cell is an ardmal cell, Ibe cell maybe, for example, an 
5 invertebrate cell (e.g^ a cell fipom a fruit fly), a fish cell (e,g., a zebrafish cell), an 

amphibian cell (e.g*, afrog cell), a reptile cell, a bird cell, or a mammalian cell such as a 
printiate cell, abovine cell, ahorse cell, apordne cell, agoat cell, a dog cell, a cat cell, or 
a cell from a rodent such as a rat or a mouse. Ifthe cell is from a multicellular organism, 
the cell may be fit>m any part of the organism. For instance, ifthe cell is from an aninial, 

10 the cell may be a cardiac cell, a fibroblast, a kearatmoc^ ahqrtaocyte, a chondracyte, a 
neural cell, a osteocyte, a muscle cdl, a blood cell, an endothelial cell, an immune cell 
(e. g,, a Tk^U, a B-cell, a macrophage, a neutrophil, a basophil, a mast cell, an 
eosinophil, a st^ cell, etc. In some cases, the ceUnis^ be a genetically engineered celL 
In certain embodiments, the cell may be a Chin^hamstCT ovarian (**CHO*^ cell or a 

15 3T3cell. In sonieeinbodiments, more than one ceU type niay be used simnl^^ 
f^resian^le, fibroblasts and hepatocytes. In certain embodiments, cell monolayers, 
tissue cultures or cellular constoucts (e.g., cells located on a non-living scaffold), and the 
like may also be used in the reaction site. The precise environmental coiiditions 
necessary in tiie reaction site a specific ceU ^e or typ^ inay be delmo^ 

20 of ordinary skill in the art 

hi some instances, the cells may produce chemical or biological com|K)unds of 
therapeutic and/or diagnostic interest, for instance, in nanogram, microgram, miUigram 
or gram higher quanthi^. For example, the cells roay be able to prodtice products 
such as monoclonal antibodies, proteins such as recombinant proteins, ammo adds, 

25 hormone vitamins, drug or pharmaceuticals, other therapeudc molecule, artifidal 

diemicals, polymers, tracers such as GFP C*green fluorescrat protdn*^ or ludferase, etc. 
In one set of embodiments, the cells may be used for drug discovery and/or drug 
developmental puipo^. For instance, flie cells may be ex[N)sed to an agent suspected of 
interacting with the cells. Non^limitmg examples of such agenisindude a carcuiogem 

30 or mutagenic compoxmd, a syndietic compound, a hormone or hormone aimlog, a 
vitamin,atracer,adrugorapharmac^cal,avirus,aprion,a1»cteria,^^ For 
eKainple, in one embodim^ lte invention may be used in automating cell culture to 
liable hi^-ftrougfaput processing of monodonal antibodies and/or other compounds of 
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interesl In another emtodimetit, the disclosed 

soreen cells, cell ^^pes, ceU growdi conditions, or tibie like^ for example, to determine self 
viability, sdfimxluctioniales, etc. In some cases, tiie disclosed devices and me&ods 
mayb6iisedinfaighthiou^put5(3:e^iingted For exanq>le, the disclosed 

5 devices and methods may be used to assess the effect of one or more selected CQmpotmds 
on cell growth, normal or abnormal biological function of a cell or cell type, es^nr^ion 
of a protein 01 o&er agent prc^ced by the cell, or tbelike^ The disclosed devices and 
methods may also be used to inv^gate the effects of various environmental &ctors on 
cell growth, cell biolo^cal fimction, production of a cell product, etc. 

10 In certain cases, a reactor and/or a reaction site wifliin a cbq^ 

and axran^ to prevent, facilitate, and/or determine a chemical or a biochemical reaction 
with the living cells witiun^ reaction site (for ^canq>le, to determine tiie effect; if any, 
of an agent such as a drug, a hormone, a vitamin, an antibiotic, an enzyme, an antibody, a 
protein, a carbohydrate, etc on a living cell). For example, one or more agente suspected 

IS of bemg able to interact wilix a cell may be added to a reactor and/or a ruction site 

containing the cell, and the response of the cell to tiie ageiit(s) may be determined, usii^ 
the systems and methods of tte invention. 

In some ca^tiie cells m^ be sensitive to light. Forexanq)le,theoellmaybea 
plant cdltiiatrK|K>nd5 to a tight stimulus or is photosynthetic. In anotiier embodim^it, 

20 tiiel^htmay be used to grow cells, such as mammalian cells seositive to light, or plant 
cells. In yet anotiiCTetnbodiinent,tt^cdl may be a bacterium tiiflt is attract^ 
rq)elIedbylighL In another embocfim^nt, the ceUinay be an amm^ 
receptor or other H^-signaling response, for exan[q)le,^ In yet 

anotiu^ embodiment, the ceQ may be a genetiaQly engineered cell having a light receptor 

25 or anoth^ light-^sensitive molecule, for emnple, one that decon^oses or forms reactive 
entities upon exposure to Ug^t, or stimulates a Mologicali^^ In other 

cas^ the cell may be ins^isitive to ligh^ light ^lied to the chip may be used for 
analysis of the cells, for exanq^le, detection, im^jng, counting, morphological analysis, 
or spectroscopic analysis. In stiU other cases, the tight noay be used to IdU the cells, f^ 

30 exaniple, direcQy, or by inducing an apoptotic reaction. 

Lisome embodiments, tiiedup may be constructed and arranged sudi that cells 
within the ch^ can be maintained in a metaboUcally active state, for example, such that 
the cells are able to grow and divide. For instance, the di^iziay be constructed such tiiat 



wo 2005/120698 



PCTAJS2005/019914 



-71- 

oxie ormoxe addidonal sur&ces can be added to llie reaction site, for cwmpl^, as in a 
s^es of plates, or the chip roay be constructed suchfhat the cells are able to divide ^v^e 
temaimng attached to a substrate* Lisorue cases, the cMp may be constructed such that 
cells may be harvested or removed ftom the chip, for example, through an outlet of the 

5 chip, or by removal of a suifece ftom the reaction site, optionally without substantially 
disturbing other cdls present whhin the chip. The chip may be able to maintain the cells 
in a loetaboHcaUy active state for any suitable lengih of tune, for 1 d^, 1 -week, 

30d2Qrs,60days,90days, 1 year, or indefinitely in some cas^. 

In certain embodiments, the any of the above-memioned chips may be packaged 

10 mMt5,optionaUy including instHK^tions for use of the du]^^ That is, the kit can include 
a description of use of the chip, for example, for use vn&i a microplate, or an apparat u s 
adapted to handle microplat^ As used herein, ^Instructions** can define a coinponent of 
ioystruction and/or promotion, and typically involve written instructions on or assodated 
with packaging of the invention. Instnutions also can include any oral or electronic 

1 5 instructions provided in aay manner sudi that a user of tiie chip will clearly recognize 
1faattteinstructicmsaretobeasK>ciatedwithtii6chq>. Additionally, the kit m^ include 
other components depending on the spedfic plication, for exanq)le, containers, 
adapters, syringes, needles, replacement parts, ete. As used herein, ••promoted" includes 
all metiiods of doing budness mcluding metiiods of education, hospital and other clinical 

20 instniction,^enliGcinqmry,dnig discovery or develops 

phannaceutical industry activity including pharmaceutical sales, and any advertising or 
other promotional activity including writt^ oral and electronic communication of any 
&rm, associated with the inventionu 

The following do not ex^i^lify the full scope of the invention, which is defined 

25 only by the daims appended below. 

Kvamplft 1 

In this exaixq;)le, an exemplary chip, as illustrated generally m Fig. 4A, is 
prepared A first chip lay^ having assodated fluidicchaimek, ports, con^)^^ 
otho: reaction sites, ete. tiierem is inj ection molded or machmed fit)m a stock sheet of 
30 ac^licorpolyc^bonate. This first ky^ is attadied to a niachined or injection molded 
flat bottom plate (also aar$rlic or polycarbonate) by m^ns of a pr^sure-sensitive silicone 
adhesive (EMelectricFolyn^rs). A faunndi^ control niembranecomprismg one or more 
of the materials described above for forming humidity control l^rers/m^branes is also 
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attadifid to the top side of the first layer by means of the pressure-sensitive silicone 
adh^ve. 

A second chip layer Cmcluding a top) having associated fluidic channels, ports, 
compartiuents, olher reaction sites, etc* therem is cast in amold ijsmg PDMS. This 
5 second kyer is fesMoned to be ahgnable with the first chi^ The second layer is 
aligned ^vith the compartments in the first cMp layer 

pressuxe-sensitivesiUcone adhesive, forming a conq)Ietedd^ The PDMS top could 
function as a septum or a self-sealing membrane by itself or in some cas^ an additiraial 
partial layer of PDMS could be bonded ov^ an inlet or outlet of the dhrp usmg ttie 
10 pressure-sensitive adhesive. 
Example 2 

This example illustrates various chips formed &om multiple layers of dissimilar 
materials. A variety of adhesives can be used to fix the intofece ky^ 
culture or sealing l^ers depending on the materials in^ One adhesive that can be 
1 5 used for bonding PDMS to polycarbonate is a two-part uretfaane epoxy mixed with un- 
curedPDMS. The adhesive iotcgss used to bond rigid jwlycarbonate layers to each 
odier can be eifha: sonic welding or a heated press. The reaction site is designed, in this 
exanqde, to about 200 microns thidc and had a volume of roughly 20 microliters. 

A cHp 280 havmg reaction site 240 is febricated. Assho^vnmFig. 8A,a 
20 polycarbonate layer 244 is attached to a humidity control material of the invention 242. 
A wrftnn the material 242 defines reaction site 240 when the cMp v^ 
showninFig.8A Material 242 is attached to polycarbonate layer 244- 

A similar chip is illustrated in Fig. 8B. In this figure, reaction site 240 is defined 
Ir^^kyer 245, wHch is a thin, rigid k^er of polycarbonate. Between layers 242 and 245 
25 is a humidity control material 246, comprising one or more of the Tr^ftna^i? descrited 
above for forming humidity control layers/membranes. Layers 244, 245, 246 and 242 of 
chq) 80 are joined using the above-described adhesive processes* 
Example 3 

TMs example illustrates various chips formed fixim mult5)le layers of dissimilar 
30 mat e ria l s . A variety of adhesives canbe u^ to fixtbe interfero layers to tiie rigid cell 
cidtare or sealnig layers dq>enduig on flie materials h^ One sample adhraive 
used for bonding PDMS to polycarbonate is a two-part urelhane epoxy mixed with un- 
curedPDMS. The adh^e process used to bond rigid polycarboriate layers to each 
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Olliercanbe,&r0£aii9)le,somcv^dingorahea^ The reaction site is designed, 
in &is exaiQple, to be about 200 microns thick and had a volume of roughly 20 
microliters. 

The fehric^on of the chips illustrated in Figs. 9 A and 9B is similar to those 
5 described in Examine 2^ including the adhesion methods. In Fig. 9A« the reservok layer 
248 is fiishioned j&om polycarbonate and was positioned betwem a humidify control 
mateiMofthemvention 246 and polycarbonate layer 244. Reservoir layer 248 has a 
gap 0^.e., a hole or a partially hollowed out space) fliat deJBn^ reaction site SO, ^ch 
was a reservoir in this example, b Fig. 9A, the reaction site 240 is defined by a g^ 
10 intec&ce layer 242. 

In Fig. 9B, polycarbonate layer 248 is used to define reaction site 250. 
Additionally^ a humidity control membrane 249 conqnising one or more of the matffrials 
d^cribed above for forming humidity control layers/membranes is between 
polycarbonate layer 245 (defimng reaction site 240) and polycarbonate layer 248. 
15 Example 4 

Ihttds example, a chip sealed by amembrane is febricated, \^ch membrane may 
be filmed of one or more of the materials described above &r forming humidity control 
layers/membranes, having a pemieabihty to oxygen high enough to allow cuhare of 
Irving cells. The amount of oxygen required in this example is afimction of the munber 
20 of cells pr^mt and the oxygen reqmrements for the cel^^ metabolism. Hus is illustrated 
in tiie Equations 1-3 below: 

(1) 

nrdl 



25 (2) 

/ Ar 
(3) 

In these equations, P represents the penneabilily (typically measured in units of (an^sn> 
mm/m^ ahn day), -4 is the area (typically measured in m^, pi„ is the oxygen partial 
30 pressure in die chip (Really measured in atm),p^ is the oxygen partial pressure 
outside the chip (typically measured in atm), / is the membrane tfaickn^ (typically 
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me^ured in micsrometers). Vis Ihe volume of the chip (typically measured in 
miorolitorsX ^ is Ibe cell culture compartment depth (typically measured in niiCTometexs^ 
n is flie cell dmsity (typically measured in cell/ml), and r is the specific oxygra. demand 
per cell (typically measured in Qi/cell h). 
5 Equations represents a inass balance equaling oxygen consumed by th^ 

culture to that available via difiEiislontfarougjhlh^ sets Ibe volume of llie 

cdl culture co mp arlni egt equal to the cro:^ sectional area of &e membrane ccxotacdng 
the compartment Rearrangement yields Equation 2, fbm expressing fiie 
oxygen permeability needed to sustain cells of a ^ven population draistty and metabolic 

10 rate as a function offilmtMdmess and compartm^tdqpl^ 

Values jfor jP generaUy depend on the polymer and the permeai^ 
varied in tins ewsnple for oxygsa between 39000 (cm^sip mmAn^ atm day) for silicon to 
0.01 (cm^sTpmna/m^ aim day) for ethylene vinyl acetate C^A"^^ 
0.05 atm and 02 atm, eaidpfna "^ms assumed to be 02 atm. The fihn thickness, was 

15 varied between 1 micrometer and 2 nm Twas held to be less than 1 ml, and the cell 
culture deptfa, deranged between 30 micrometers and 2 mi^ The cell density, was 
assumed in this exaiqplg to he between 1 cens/ml and 1 fl^ cellg/ml fnr m ^mmnlimi fiellg 

and between l6^cellsM and 10^^ cellsM for bacteda. The specific o^tygen demand per 
cell ranged betwem 0.5x10"^ and 5x10"^ mol CVcell L 
20 Example 5 , 

The example illustrates a calculation of Aja and specific exchange coef&denls 
useM in the d^gn and &hricadon of a diip sealed by a m^Enbrane, in accordance wi& 
one embodiment of the invendon. One equation otten used to describe mass transfesT of 
oxygra into the liquid phase of a bioreactor is (4) below: 



25 




(4) 

v/bsre dm/dt is Uie mass flux of oxygen, and is die transfer ooeffident at die phase 
boundary, with transfer bdng a mixture of convection and difiusioiu In the equation, a is 
the spedfic exchange sur&ce, in units of m*^, and may be interpreted ph)^cally as fiie 
30 total sax&ce are of gas exchanging bubbles p^ volume of liquid. Hie concentration 
driving force is repr^mted by (C*-<7), wit^ 

concentration on the liquid side of the phase boundary, and C representing 1}ie bulk 
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concentration of the gas phase specie in the liquid. The volume of the liqcdci phase is 
refpresentedby K 

The oxygen flux is determined by diffusion through the vfdHs of the cell culture 
chamber as shown m Equation 5 : 

dm^ ^ igl(f »-P) 
dt I 

(5) 

"where ^ is Hie sui&ce area of the phase boundary for gas exchange, 11 is the penueability 
of the membrane in g mm/(it^etm day), and (P*-P) is tiie concentration driving force hi 
atmospheres^ expressed as partial pressure P on the downstream or wet side of the 
mesxibrane relative to j^rtial pressure, P on the iqpstream or dry side of tiie membrane. 

Application of Henry*s law for gas solubility (Equalian 6) with i?as the Henry's 
law constant relates to P substituting m Equation 5 and setting Equations 4 and 5 
equal, followed dividing both equations by A, the vessel cro^-sectioi]^ ar^ yields 
Equation?: 

P* 
^ H 

(6) 
(J) 

^vbere d is Ihe vessel depth and the P and P * teems have been leplaced by titdr Henry's 
law relationships. Dividing both sides by {C*-C) cancels &e conciliation terms making 
KfB a function of mflferials propeartira and geometry only: 
, MI 

(8) 

For a givai value of if, may be dictated by tenq)eratare, can be made 
larger or smaller by changing monbrane thidmess /, conq)artment dqith or menibrane 
materials and thus the penneabilil^. 

As a specific, non-limiting exani^le, evaluating Hanys law constant &r 37 
n^ng polydimelbylsibxane: 
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jj = ^ 0^1 flaw ^^32000 iBg^ ^ ^ atmliter 

m 

SttbstztntiDg Has PDM5 peaneability of 39000 (cm^sTP aaa/a? atm day) and espcessiog 
co mpai1m eatrtdq>th and film ^m&ness 

JC,«=(790.6^)a9000^^X^X;^) 

ffUH M amcuxy mm mm 



(10) 

Ck»tvistiDg on^st? to moles: 

mol m aunaay 2^W\)cm sip mm mm 

(11) 

10 Thus: 

jr;a=(790.6X39000X-^X-^X— X~^^ 
22400 mm mm 2w 

(12) 

53J2 

Kfi-i——) with /owrf J m millimeters fe&ei© 
la 

15 fiKample6 

Li ftb exmsple, Ihe calcnladon and control of dis^lved oxyg&i levels 
liavingaie^oiisite»acco3^glooneemb^ Anoxy^ 
balance on the liquid phase of a bioieactoor is sbovm as Equation 1 3 l>elow. 

dt I ^ 

20 (13) 

Takmgtibe reaction site voltDtne, r» 83aconstant,^rateof change of oxygen 
concmtration, C» in time is aftmction (mly of Hie siipply of oxygen available via 
diffosion through lise reaction site walls 

equation) and Reuptake of oxygen by the Hving cells (tberi^btmosttecm of tbe 
25 equation). IbedifBssivefliix through the reaction site 
available for exchaiige,tiiepepneabil^ 
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driving force of oxygen across the films (P y/bsr& P * is tbe external oxy gea partial 
pressure, and P is the parlid pressure on llie do\v^^ 

perrneabiUty is inversely propordonal to fhexnembra^ Oxygeni^jtake is 

e^qxr^sed as the product of the cell population density, p» (cells/volume) and the spedfic 

5 cellular consumption rate, R and the reaction site volume, V. 

If the os^gen level ^ to be maintamed at a stable value, the system should r^ch a 
steady state ^ere oxygen iq>take rate balances oxygen fhix arriving via diffusion 
through the reaction site i?valls* That is, the derivati^ Furthermore, inspection 

of Equation 13 ^ows fast A, II, /, and Fare all parameters of materials or geometry of 

10 cMpcoristruction and thus may be treated as constants in this exatupte^ according 
to this example, the specific cellular oxygen uptake rate and /), the cell copulation are 
the only time dependent parameters that influence the differeQce between P * and jp. 
Modeled as a control scheme, P may be treated as a controlled variable, P"^ as a 
manipulated variable, and the relationship between them, or gain, is muty with an o&et 

15 mostly dictated by a s^ of constant parameters P, I, F, and the weakly time dependent 
terms and/;* 

Rearranging Equation 13 to hi^ght this leladonsMp giv^ Equaticm 14 Mow, 
after noting tiiat the exchange area A is twice the cross-sectional ar^ of tiie reaction site 
of this exanqjle. Normalizing by P* by P^ allows expresaon of oxygen levels as a 
20 fiaction of atmospheric pressure, shown in Equation 15: 
pM 

m 

(14) 

VoDO^DO*- ^ 
(15) 

25 'twere is the reaction site dq>th»resultiiigfix>m dividing rea 
sectional area. 

Table 1 below presents %D0 as a&nciipnof cell densi^&r se\^ral chip designs 
(^^ues of d2). is assumed to be apical value of the spedfic oxygen comnntption 
rate, 0.5 pmol/cell/hr in this example. A5anorder-K}f-magiiitudeesfiiiiateinthis 
30 example, DO inside the cell culture reaction site is 5.9% below the ext^nal set i)oint for 
each million cdls per ml in the culture reaction site. 
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Cells/ml 




Of&et(%atm) 


Qfl&et(%Q2) 


1x10* 


0^ 


1.25% 


5S% 


1x10" 


0.125 


0.65% 


3.0% 


1x10' 


0.25 


12.5% 


59% 


1x10' 


0.125 


625% 


29.5% 



s TIiesameaiudysismybeaijpHedtoleveliscKrcat^ 
reaction site by lite growing cells, accoimting &r ft^ 
to indude McaiboDate, vMcIl can parti(^pate by abscxbing or xeleasmg COa. 

The foUowing is an exBznpIeoftiiBcalcalation used to construct Table 1: 
a 0J25mm^ 



10 



2IIC 



2.5x10 



2(2500 ^°^^X ^"^s X -^n^)aatm) 
7 fff'ffffn^ 



mol 



(16) 

Al»selinevaliiefar/?ia itf celTs^im^ andfiarRis 0.5x10'" mol/cdl/hr. Tims: 

DO»-/X>=2.5xlO'(^^) 5xl0-«(-^)/7^^ 

mol cetthr mn^ 



15 



on 



(17) 



%DO*-%DO =125xlO-'(^)p^lOO% 

eel/ jmtf^ 

(18) 



litQsturevahiBsiisedforfteocxygQiiqitalKate: 0.05 to 5 pmoI/ceOAoor, 0.4 
pmol/cell/hour, 03 pmol/cell/hour, 0.018 to 0.036 pmol/hr cell, and 0.1 pmol/cell/hr. 
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While sev^ embodiments of the pres^Eit itxventioiihave been described and 
iHustiated herein, those of ordinary skill in flie art will readily envision a variety of other 
means and/or structures for performing the functions and/or obtaining the results and/or 
(me or more of the advantages described herein, and eachof such variations and/or 

5 modifi(^ons is deemed to be within the scope of the present invent More generally, 
those skiUed in the art wiU readily appreciate that aUparanieters 
arid configurations desoibed herdn are m^nt to be exen:q)la^ 
parameters, dimensions, materials, and/or configurations will depmd upon the specific 
application or c^licatioiis for ^iiich the teachings of the present invention is/are used 

ID Hipse sldlled in the art will recognize, or be able to ascertain using no more ftan routine 
eKperimentalion, many equivalents to the q^dfic embodiments of the invention 
described herein. It is, ^erefbre, to be understood that the foregoing embodiments 
presentedby way of ^canipie only and that, within the scope of the ^^pended claims and 
equivalents thereto, the invention nmy be practiced otherwise than as specifically 

IS described and claimed. The preserrt invention is directed to each individual feature, 
gystm, articK m^fm^} }nf fmH/nr mgfhfv^ dftsttrihefl berfitn. &L addition, any 
cmnbrnafion of two or mote sash features, systems, articles, matedals, lots, ai^ or 
methods, if such features, systems, articles, matraials> Mts, and/or methods are iK>t 
mutually inconsistent, is included within the scope of the preset invenfioTL 

20 All definitioDS, as defined and used herein, should be understood to control over 

dictionary definitions, definitions in documoits incorporated by re&r^ce, and/or 
ordinary meanings of the defined terms. 

The indefinite articles and ""an," as used herein in the spedfication and in the 
claims, unless cl^ly indicated to the contrary, should understood to mean "at least 

25 ane.** 

Ibe phrase ^'and/or,'' as used herein in the spedficafion and m the cl^^ should 
benxulerstood to mean "eithoror both" of the elements so coi^oined, Le«, elements that 
are conjunctively pres^ in soine cases aid disjunctivdy^^ Other 
elements may optionally be present o&er ttan the elements specifically identified by the 
30 ""and/or^ dause, ^eQi^ related or unrelated to those elements spedfically idesatified. 
Tims, as a non-Kmiting example, a reference to "A and/or B**, when nsed in coigunction 
with open-ended language sudi as ^comprising" can refer, m one embodim^ to A only 
(optionally including dements other than B); in another embodiment, to B only 
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(optionally includmg elements otliex fhan A); in yet another embodiment, to both A and 
B (optioDally including other elements); etc* 

As used herein in the spedficatian and in Hie claims, ^af* should be imderstood 
to I^ve the same meaning as "and/or^ as defiiied above. For example, when separathig 

5 items in a list, "of" or "and/of shall be intapreted as bdng inclusive, ie,, the inclusion 
of at least one, but also including more than one, of a ncmiber or list 
optionally, additional unlisted items. Only terms cleady indicated to the contrary, such 
as "only one of or "exacfly one of or, ^rfaen used in the claims, "consisrting of will 
lefertotibteinclusionof exactly one element of a number or 1^ Ingeneral, 

10 the team '"or^ as used herein shall only be interpreted as indicatmg .exclusive alternatives 
^ e. "one or 11^ other but not both") \;*en preceded by terms of exclusivity, such as 
"eiflier,""oneof*onlyoneof or"exacflyoneof** •*Consisting essentially of vAen 
used in Ihe claims, shall have its ordmaxynieaning as used in flie field of patent law. 

As used herein in the specificaticmand inthe claims, the phrase ''at least one,'* m 

1 5 reference to a list of one or more elements, should be und^stood to mean at least one 
el^^ selected fiom any one or more of flie elements in the list of elements, but not 
necessarily indudii^ at least one of each and every element spedfically listed within the 
list of elecnraits and not excluding doay combinations of elements m the list of elements. 
Ibis definition also allows that elements may optionally be present o&er than Hie 

20 elCTients specifically identified withm the list of elements to which the phrase ''at least 
one" refers, ^K^ietfaer related or unrelated to fiu^elem Thus, 
as a non-limitmg example, "at least one of A and B** (or, equivaletriiy, "at least one of A 
or B,'' or, equivalently "at least one of A and/or B **) can r^er, in one embodimoit, to at 
least one, optionally including more than one. A, with no B present (and optionally 

25 including elements olfaer than B); in another embodiment, to at least one, optionally 
including more than one, B , wi^ no A present (and optionally mdudmg elements other 
than A) ; hi yet another embodiment, to at l^st one, qptionally including more than one, 
A, and at least one, optionally including more Ifaan one, B (and optionally mcluding o&er 
elements); etc. 

30 It should also be understood that, unless clearly indicated to the contrary, in any 

methods claimed herdn that include more ibm one act, the order of the acts of tbe 
mettiod is not nece^nly limited to the order in which the acts of liie method ace redted. 
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In the claims, as weU as in tiie spedfica^ 
"comprising,** "including,** "canying,** "having," "containing,** "involving," "holding," 
and Ihe like are to be understood to be open-^ded, Le,, to mean including but not limited 
to. Only the transitional phra^ "consisting of* and "consisting essentially of* shall be 
closed or semi-closed transitional phras^ respectively, as set forth in Ihe United States 
Patent OflBce Manual of Patent Examining Procedures, Section 21 1 1.03. 

What is claimed is: 
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CLAIMS 

Aa qyparatns, comiyrismg: 

a substrate COTopismg a predetennined reaction rite ha viTtg ^ volnmff of 
less than aboi3t 2 inl; and 

a Tnateri al i^sitianed adjacent fee predetennined reaction ^te, tiie material 
comprisrng a polymer inclodiiig a £diucture : 




"wiiezein nis atieast 1, and rachof andR^ independcsdly conqmes an atom, 
1 0 such tl^ simultaneously, is not mssdayl and R^ is not timeflQrlsityL 

2. An q)paratus as in claim l^^wixecdnthepredetemunedreacdon site has a volume 
ofless than about 1 mL 

15 3. Anc^pparatusasinclahn lyiidifirem 
pred^ezmined reaction sit^ 

4. An apparatus as in claim l,\^ieapdn1he at least 2 
not in fhnd comnxunication ^idth each othe^ 

20 

S« Anqppa:atusasinclaiml,vdiei:einl^ 
predeteitmined reaction sites. 

6. AnaDoaratus as in claim 1» "i^dieiein the substrate is constructed and ftmff^gigd to 
25 mahitain at least one living cen at the predeten^ 

7* An£93imratusasinclaim6»\dieremsobstr^ 
inaintsdn at least one living nramniafian cell at 



30 8. 



An qpparatns as in claim l^i^flierem the material Tft ft 1^ 
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9. An ^aratus as in claim l,\^aem1heniaterial is positioned in a ^vaH of 
predetermined reaction site. 

5 10. An apparatus as in claim 1, wherein the Biateda^ 

IL An apparatus as in claim l,\^iierdb the membrane is transparent or substantiaUy 
transparent 

10 12, An apparatus as in claim l,\^erem file membrane is between 10 nnc^^ 
and 2 millimetecs thick. 

13. An^paratus as in claim 1, the material cQnq)rises a cell adhesion layer. 

15 14. An apparatus as in claim 1» wherein is an alkyL 

15. An q]paratus as in claim U wheremR^ is methyL 

16. An^sparatusasinclaim l»wha:emR^isanaIkyL 

20 

17. Anq)paratusasinclaim l,^KdiereinR^isastraight<chainaIkyl. 

18. An^aratusasinclaim l^vrfierdnR^ismediyL 
25 19. Aniqpparatus as in claim l,\^reinR^ is ethyl. 

20. An apparatus as in claim l,^vdiereinR^ is propyl. 

21. An ^aratus as ia claim l^viereinR^ is butyl. 

30 

22. Anq)paratusasinclaiml5^rf^ereinR^ispentyL 

23. An^aratus as in claim 1, ^s^iereinR^ is hexyL 
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24. An apparaiiis asm claim l.whei^ 

25. An apparatus as in claim 1, wliereinR?isoctyL 

5 

26. An qyparatus as in claim 1, finliher CQmpiising a gas head space in gaseous 
communication with the predetetmined leaction site. 

27. An ^jparatus as in claim 26, i^iierein the gas h^ space is sepaiatied from the 
10 predetmninedieactionsitehyamemlasne. 

2S. An ^spatatus as in claim l,fiu1hercoxnprisinganiidetport,anoudetport,andat 
least one microflnidi c chamiel, each in fluid communication with the 
ptedetennined reaction site. 

15 

29. An apparatus as in claim 28, fiirther conqpiising a ^If-sealing elastomeric 
material defining portions of the inlet and ouflet ports. 

30. An qjpaiatus as in cUdm 28, i^i^:ein die inlet and outlet ports are both accessible 
20 from a first side of the substrate. 

31. An appar a t u s as in claim l^i^vherdnthepredeterminedieaction site is defined by 
a void in the substrate. 

25 32. An qsparatus as in claim 31, ^iierdn an adhesive layer hinds the n^ 
substrate. 

33. An qyparatus as in claim 32, vdieidn the adhesive l^er is a pressure sensitive 
adhesive. 

30 

34. An qjparatus, comprismg: 

a substrate con^xrising a ptedetermined reaction site having a volume of 
less ttian about 2 ml; and 
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a nmteiM positioned adjacent tiie predete^^ 
conqiiisiiig apolyxxxier including a stroctine: 




vdiereinnis at least 1» and each of R\ R^ andR^ independeirdy con^aises an 
atom such 1hat» simultaneously) R^ is not R^ is not H» R^ is not H, and R'^ is 
neifiier H nor has a strocture: 




m being m inte^ between 0 and 3 inclusive. 

35« Mq3paratusasindaim34,svfa£fdntfaepre^ 
volume of les^tim about 1 ml 

36. Anq}paratusasinclaim34,i)(diexem 
pEiedetemDdned reaction sites. 

37. Ane3^}aratusasindahn34,\d^rein^sul»^^ 
piedetemuned reaction sites. 

38. Anq»paratusasmclahn34»^«diBreinthes^ 
maintain at least one Uving cdl at the predetemmied 

39. An^pi«iatusasinclaim38»vdbiereinsabst^ 

itiffintitin fit Iftfljrf nne living TnOTnmaliim cell at the predgtermtned Teactim ritB. 

40. Anqyparatusasinclaim34«i!dierdln1hemate^ 

4L Mqypatatusasinclaim34,i^bt0rm 
piedetennined reaction site. 
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42. An apparatus as in claim 3 4, i?rfierein fbye material comprise a memhrane. 

43 . An qrparatus as in claim 34, "i^erem the membrane is transparoit or substantially 
5 troDsparenL 

44* An apparatus as in claim 34, \dietem1iie membrane is betw lOmicrometers 
and 2 millimeters thick. 

10 45. Anapparatusasinclafan34,A^]ereindiemateridconrprisesaceUa& 
layer, 

46. An q)paratus as in claim 34, i^^rcin is an alkyl. 

15 47. An^pparatusasindaim34,\dieremR^isastiaight-<^^^ 

48. Anq]paratusasinclaim34,^diereinR^isanmefh 

49. An q>paratus as in claim 34, wheieinR^ is ethyl 

20 

50. An apparatus as in claim 34, wherein R^ is ptqpyl. 

51. Anqyparatusasinclaim34,i»diereinR^isbiityL 
25 52. An appar atu s as in claim 34, i^iereinR^ is pm^l. 

53. Anq7paratusasinclaim34,wherdnR^islie37L 

54. An^aratusasinclaim34,v^hereinR^ isheptyL 

30 

55. An ^aratus as in claim 34, ^Kdierein R^ is octyL 

56. An apparatus as in claim 34, wherein R^ is hydrog^ 



WO200S/120698 



PCT/US2005/019914 



-87- 



5 



10 



15 



20 



* 

25 



57* Anq5>aratoasmdaim34,whfi^ 

58* A method, compriaing aa act of: 

coltnnng at least oiie living ceU m 
volume of less than about 2 ml, tbe cell proxiixmte a material contpdsing a 
polym^ induding a strocture; 



^riietetn n is at least I, and each of R aod R m 

such that mmdtaneously, R^ is not meflr^l and R^ is not tximethyMlyL 

59. Amethodasinda]m58,v\dietemthe|^ 
less than about ImL 

60. AxnetfaodasinGlaim58,i!^heidnthesal^^ 
maintam at least one living ceU at the piedetexmine^ 

61. A me&od as in daim 60, iAd}0rdn substrate^ 

maintam at least one livhag mammalian cell at lhe predctenmnedreagtion site. 

62. Amellu)das]nclaxm58,i?s4b£mn^matm^ is a humidity control materiaL 

63« Amethodasmdahn58,\^b£cdntibemflteM 
predetermined reaction, site. 

64. Ameihodasinclaim58,*^?dier^ 

65. AntiethodasincIaimS8»i?^ieiCTi1fa&m£^^ 
txanspaient. 
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66. A method asm claim 58»^hemntbexxie^^ 
2 millitoeters lidck. 

67. A ms&iod as m daim 58, wlierem ihe matedal cotqnises a cell adhesion layer. 

5 

68. A inefh^ asm daim 58, oomprismg cottar^ 

69. A meflK)dasm claim 58, wiiamR^ is an alkyl. 
10 70. Ainethoddsindaim58,i?vb0tdnR^is 

71. Amed2odasindaim58,\;tdiBrem 

72. A metihod as in claim 5 8, \)die(rem is a straight-chain alkyL 

15 

73 . A meftod as in claim 58, ^ndieieux R^ is metliyL 

74. Ametiu>dasinclaim58,wheremR^i5e^ 

20 75. AmBfliodasinclaim58,^iAfia»mR^isproi^ 

76. AnffiiiK)dasindaim58,\rf)manR^isb^ 

77. Am6iiiodasinclaim58,\i^ier8inI^ispea3^ 

25 

78. Am€ihbda5indaim58,vi^eidnR^]sh^ 

79. Am€liu)dasindaim58,\9iieseinR^ishe^^ 

30 80. Ainelh0dasindaim58,'9die]:dnR^i$c^ 

81. A method, conatpri sing an act o£ 

cdtimng at least (me living cell in a pred^ 
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volume of less 1]ian about 2 ml, the cell proximate a mal^al comprising a 
polymer including a structure: 



Viiierein n is at least 1, and each of R\ R^, and R^ independeafly comprises an 
5 atom such that, simultaneously, R^ is not H, R^ is not H, R^ is not and R^ is 

neither H nor has a structure: 




m being an integer between 0 and 3 inclusive. 

10 82. A method as in claim SlyWherem the predetmxiined reactions^ 
1^ than about 1 ml. 




83. A method as in claim 81, ^vfaeiein the substrate is constructed and arranged to 
maintain at least one living cell at the predetranined reaction site. 

15 

84. A method as in claim 83 , wherein substrate is constructed and arranged to 
maintain at least one living mammalian cell at the predetermined reaction site. 

85. A method as in daim 8 1 , wherein the matcyial is a humidity control material 

20 

86. A method as in daim 81, wherein the inaterial is positioned in a waU of 1^ 
predetennined reaction site. 

87. Amethod as in claim 81, wherein the material comprise a membrane. 

25 

88. A method as in claim 81, \dierein the inembrane is transparent or subst^^ 
transparent 
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89. A method as in daim 81> "wh^^ fbe memhrane is between 10 xnictometers and 
2 millinieters thick. 

90. A method as in claim 8 1 , wherein &e material conixprises a cdl adhesion l^er. 

5 

9L A mrthod as in claim 81, comprising culturing the cells for at least 24 hours. 

92. AmelhodasinclaimSlyWheremR^isanallc^L 

10 93. AmethodasinclaimSl.ixdiereinR^isastrdght-:^^ 

94. A method as in claim 81, ^wiiereinR^ is anmethyl. 

95* A method as in claim 81, i^ereinR^ is elhyL 

15 

96. A method as in claim 8 1 , vdiorein R^ is propyl 

97. A method as in claim 8 1 , M^iaein R^ is buty L 
20 98. Amethodasinclaim81,\^ereinR^ispeiityL 

99. Ame£hodasinclaim81,i?rfiea:einR*ish 

100. A method as in claim 81, whaein R^ is hsptyL 

25 

101. Amettxodasindaim 81, "wherein R^ is octyL 

102. A method as in daim 81, wherein R^ is hydrogen. 

30 103. A method as in claim 81, wherein R^ is hydrogen. 

104. An q^paiatus, comprising: 

a substrate comprising a predetermined t^iction site havmg a volume of 
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less tiban about 2 ml; and 

a xxiaterial poi^oiied adjacent the pred^ 
contpEdsii^ a polymer including a slruclurc : 




Yfbstan n is at least 1 » and each of R^ and R"^ independmtly is faydrpg^ 
ahalogen, or a caifoanrcontaining nunety, sachtiiat at least one of R\ R^» R\ or 
jg a rmt^on-C O'y^tiiTig mmety that cfYtnprises a halogen. 

105* Anqyparabisasinclaim 104, i?diemn11tepredetemuned reaction 
volume of less than about 1 mL 

106. An^yparatosasinclaim 104»ir^btereinflie substrate conDjsdses at le^ 
piedetenxuned reaction shes. 

1 07« An apparatus as in claim 1 04, lidierein fte substrate comprises at l^st 6 
predetermined reaction sites. 

108* An apparatus as in daim 104»i7diemnthesd}StnatBisconstnicteda£^ 
fft THftTntmn nt Ififlst fwie Ifgfng cell at fte predgtermined Teactifm rite. 

109. An appaacatus as in claim 94, iT^iefein substrate is constructed and arranged to 
n:iaintain at least one living manmialian ceU at 

110. An jq)parBtus as in claim 104, i^berein the materially 

IIL An apparatus as in claim 104, ^todntiie material is po^ 
predetem±ted reaction dte* 

IIZ An^i»r8tusasinclaiml04,^v^dierdntiieinate^ 



wo 2005/12069S PCT/DS2005/019914 

-92- 

1 13. An ajiparatus as in claim 104, whereiii the membiane is tranapaxmt ot 
substantially traiisparent 

114. An apparatus as in claim lO4,\riberdn1ixememhtan0isbetw^ 
5 and 2 millimeters Hdck. 

115. Anq[rparatnsasinclaim IM^iwiiec^ 
layer. 

10 116, An ^)paiatus.as in claim 104, T«*fflein at least 

cartxm-^ontBining moiety that compises fluorine. 

117. Anqspaiatusasinclaiml04,\^iiereineacho and is Iqrdrogen. 

15 118. An q^jaratus as in daim 104, wherein eadio^^^^ 

119. Anai5wratusasinclaiml04,\^Afi^ 

120. Anqiparatusasindaim 104,^di£]^R^CQnqmsesatleast 

20 

121. An apparatus as in claim 104, wherein R"* is a fluorinated alkyL 

122. An qjparatus as in claim 104, ^eieanR'* compocis^ at least one fluorine atom. 
25 123. An^rparatusasinclaiml22,wlieranR'*comi)ri^atleastt^ 

124. Anq)paiHtusasinclaiml04,^v^ifiieinR'^conqm^a&^^^ 




m 



mbdng an iideger greater than or equal to 0, herein one or more caxbon atoms 
30 in the stnu:tme has a halogen atom bonded thereto. 
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12S. An appatatas as in daim 1 04» ^wherein at least one halogen atom bonded to tiie 
one or more carbon atoms is fluorine. 

5 126. Anqq)aiatixsasincteiml25,i^di6r6inoneorm^ 
has at least two flnodne atoms bonded tfamto 

127. Anq^paIatusasinclaiml(M,wfa0dnR'^con^dsesastrac^^ 



A^ A^ A^ A^ A^ A^ A^ or A^ is a halogen 
128. Anqsparatosasinclaim 127,'vriiereinatleastoneof A^ A^ A^A^ A^ A^A^, 



129. An qiparatas as in claim 128, \rfierem at least two of A^ A^, A^ A^ A^ A^ A^ 
A\ or A^ is rach fluorine. 

20 130. A melhod> comprising an act o£ 

cohoring at least one living cell in a predetemiii^ leac^ 
vohmie of less than alnnit 2 ml, Ihe cell proxinmle a material compdsing a 
polymer including a structure! 




10 



ijAerem Mch of A^ , A^ A^ A^ A^ A^ A^ A^ and A^ independently is 
hydrogen» ahalogen, or a caxbon-contaming moie^, soch that at least one of A^ 



15 



A ,or A isafluorine. 




25 



^whereinn is at leas^ 1, and each of R^, R?, R^ and R^indepecdenfly is hydrog^ 
a halogen, or a carbonrcontmmng moieiy, such that at least one of R^ R^ R^ or 
R^ is a cari^on-containing xnoiety that conqs^^ 
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13h AmetlKxiasiiicIaim 130,\ribe3:dn1hepiedete^ 
of less ftan jBtM>iit 1 mL 

13% A ms^iyod as ia ckdm 130, ^lerein the sabstrnte is constnicled and arranged to 
ztiamtaia at least one Uvixig cdll at fhe 

133. AmeiihodasincIainil32»\dierdnsub£^^ 

maintain at least one living mammaliaai cell at ifae predetennined teactioo she. 

134. A method as in daim 130»yfeerein flie material is a 

135. A meiliod as in claim 130, iKdierem lfae material is positi 
predetermined reaction site* 

136. Amethoda$indaiml30,i?yiierem couipjtises a membrane, 

137. Amefliodasindaim 130, wherein the membrane is ttanspatCTt ot sutet^ntially 
transparent 

138. Amefhodasindaiml30,wheremtiieinmibraneisbeb^^ 
2miUim0tm1Mdc 

139. Arrie&odasindaiml30,i;fdiB^ 

140. A method as in daim 1 30, coniprifflng CTltitring flie cells for at least 24 boms, 

141. AmeChod as m daim 130, wherdn at least one of B^, R^ or R"^ is a carbon- 
contaimiig xnoiety that coirpises fli^^ 

142. A n:tediod as in daim 130, \^dierdn racb of R^ and R^ is hydrogen. 
143« An[i0au>dasindmml3O,¥dieremeadiofR\R^ 
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144« A mediod as ia claim 130» iwhexeinR'^ is ahalogenated aBcyL 

145. A method as in claim 1 30, "c^iierein conqxrises at least one Imogen atom. 

5 

1 46. A method as in claim 1 30, 'vriierein R"^ is a fluoetinated all^ 

147. A method as in claim 130^ "v^dieremR^ conqnises at least one fltuxcine atom. 
10 14$. Am^:^£Klas.inclaiml47»iKtoeinR'^coii^^ 

149. A method as in claim 130, ^(lierein R"^ comprises a structote: 



lAAA/* 




m 



m being an int^er greats than or equal to 0, \^ier^ 
15 in the stractuxe bos a flnoxine atom bonded tiiereto. 

150. A mefibod as in claim 149, i^dierdn at least one halogen atom bonded to the one 
or mote carbon atoms is fluorine. 

20 151. A method as in claim 150, inteein one or more carbon atoms in 
at least two fluorine atoms bonded ther^. 

152. A method as in claim 130, iTdsereinR'^ comprises 



25 each of A', A^ A*, A', A* A', A", and A* independently is 

]]ydn>gen» a Iialogei, or a carboDrcontaimiig moiety, such ^lat at least oos of A\ 
A^ A^ A^ a*, A^ A\ A\ or a* is ahalogen. 
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156. 

20 

157. 
158. 

25 

159. 



A me&od as in claim 1 52, whOTsm at least oro of A \ a\ A\ A\ A\ A^, A\ 
(nrA^isafluorme. 

A mefliod as in daim 153, wherein at least two of A\ A^ A^ A^ A^ A^ A^ A^ 
or A^ is eadi ftucmne. 

An apparatus, comprising: 

a isahstrate comprising a predetennined re^ 
1^ than about 2 ml; and 

a material positioned adjacent tiie predetermined reaction site, "Ooq material 
conqnising a poller including a structure: 



such Uiat at least one of orR^isacaibon^ontainingmoietyliiatconqsd^a 
halogen. 

Anqiparatusasindaim 155, i^dier^ the predetermined reaction site lu^ 
volume of less than about 1 mL 

An qjparatos as in claim 155, \dierdntfae su^^ 
predetetmined reaction sites. 

An^paratos asin claim 155, ^vt^ber^&e substrate conqmses atl^ 6 
predeteimined reaction ^t^. 

An apparatus as in (Mm 155, wfaerem the subst^ 

to maintain at 1^ one living cell at the predetrotnined reaction site. 




whetdnnisatleast 1, and each of R and R 



indepeiKlently conopdses an atom 
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160. An apparatus as in claim 159, "whexein substrate is constructed and arranged to 
maintain at least oiie living mammalia 

161. Ana|>paratusasinclaim 155,i^berdn11ien3atenalisalunni^ 

5 

162* Anq^{«atQsasinclaim 155,^^eredntheniatedalispositioi]^inaw^ 
predeteonined reaction ate. 

163. An apparatus as in daim 155, wherein fee material coomprises a membrane. 

10 

164. An^)parabisasinclaim 155,\^ien^theniembraneistran£par^ 



1 65 . An ap p aialu s as in claim 1 55, i^ierein tbe membrane is between 1 0 micrometers 
15 and 2 millimeter tb^c 

166. An qyparatus as in claim 155, \riheidn tbe materia 
IflQ^et. 

20 167. An qqparatus as in claim 155, wherein at least one of 
containing moiety tbat conqxdses fluQiinB. 

168* An apparatus as in claim 155, ipdiereinR^ is an alk^ 

25 169. Anq>paratusasindaiml55,i»diereinR^isabaloge^^ 

170. An c^yparatus as in daim 155, i^diereinR^ is aftnorizrated allcyl 

171. Anq)pazatusasincla]ml55,vdi^^ 

30 

172. Anq>paiatusasinGlaiml55,^Pf4ieimR^ 
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173, An qjparatus as in claim ISS, \ri)a:ein the ix>lymer comprises a stroctuxe: 



5 



10 



15 




^v^diesndn each of , R^ and R^ indq^endsitly craxptises an atom such that at 
least one of R^ R^ or R'^ cantpods^ a haloga. 

174. Mai)iwiralusasinclaiml73,TW^^ 
containing moie^ that conqmses fiiu}^^ • 

175. An ^qparatos as in clafan 173, \^teem each of R^ R^ and R^ conqodses fincmne* 

176. Amelhod^ compri^ng an acto£ 

cahniing at least one living cdl in a piedet^^ 
volome of less lhan about 2 ml» the ceU pit»x^^ 
|K>lyD2er indudii^ a structure: 

^«dierdnnis at least 1, and each of R* andR^ indqpemi^^ 

such that at least one of R^ or R^ is a carlxmrcontaining moie^ ^ comprises a 

balogqo. 



20 177. AmeflK)dasinclaiml76,^eAeranthepredi^^ 
of ihan^ut 1 mL 

178. A m^hod as in claim 176, iT^herehi the substrate is cc^^ 
if i^ j^ ^ijf ijt^ iii least one living ceU at Ihe predetemiiied xea^ 

25 

179. A method as in claim 178»i?ri[i0rein sutetiate is constructed and arraiigedto 
mamtam at least one living niammalian cdl at fte pre^ 
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180. Amethod as in daim 176, wlierein the mateiial is a hmmdity contcolmateriaL 

18L Ame1iu)dasinGlaim 176»i7fdia:^ 
5 nredctennined reaction site. 



183. Ametfaod as in daim 176^ \^to&m1he memhrape is trangepamnt nr fflihg fanfinTly 
10 transparaodL 

184. Ameihodas in dahn 176, ^i^i^ein the memfatane is between 10 znicrometexs and 
2 millimeters thidc 

15 185* Ametliodasinclaiml76,\^ber^ 

1 86. A meftod as in daim 176, comprising ealtoring the cells for at least 24 hours. 

187* Amethodasinclahnn6,ip^kea:einihes^ 
20 predetermined ruction sit^ 

188. A method as in claim 176, ^lerdntiie substrate conqdses at least 6 
predetermined reaction sites. 

25 189. A method as in daim 176, ^ia:em the substrate com^^ 
jsedet^mined reaction sites. 

1 90. A melbod as in claim 1 76, ^sdn at least one of or is a caibon-containing 
moiety Hiat comprises flnoiine. 

30 

191. Amefhodasindahnl76,^7^ie(remR^isanaIIgrL 

1 92* A method as in daun 1 76, ^vdierein R^ is a halogenated alkyL 
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193. A method as in claim 176, x^^fceieinR^ is a fluorinated alkyl 

194, A mefliod as in claim 176, 'wiierem is methyl. 



19S. Ameftiodasinclaim 176, wherein comprises silicon. 



196. A method as in claim 176, whereinR^ comprises a structare: 




10 wherein ^ch of R\ R^ orR'' independently comprises an atom such that at 

least one of R^ R^ R^ or R' is a carbon-containing moiely that con^jrises a 
halogeo. 

1 97, A method as in claim 196, TPA^ein at least one of R^, R^ or R'^ is a carbon- 
15 containing moiety that comprises fluorine. 

198. A method as in daim 196, v^erein each of R^ R^ or R'' comprises fluorine. 
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